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SUMMARY 

The measurement  of t o t a l   g a s   d e n s i t y   a n d   p r e s s u r e   a t  
the l e v e l s   e x p e c t e d  on the su r face   o f  the moon and i n   i n -  
t e rp l ane ta ry   space   (p robab ly   abou t  10 -15 torr) i s  beyond 
p r e s e n t   t e c h n o l o g i c a l   c a p a b i l i t i e s .   T h i s   d e f i c i e n c y   c a u s e s  
even   grea te r   concern  when it i s  r e a l i z e d   t h a t   t h e r e  i s  
little d o u b t   t h a t   g a s   d e n s i t i e s   a s  low a s   t h o s e   i n   o u t e r  
space  can be p roduced   rou t ine ly   i n  the labora tory   today .  
P r e s s u r e s   i n  the ranges  above 10  -I1 t o r r  may be measured 
w i t h   c o n s i d e r a b l e   c e r t a i n t y .  However,  below 10  t o r r  
t h e   r e l i a b i l i t y   o f  measurement  quickly  becomes  marginal a s  
t h e   p r e s s u r e   d e c r e a s e s .  

-11 

The main   ob jec t ive  of the present   program was t o  ex- 
amine the o p e r a t i n g   c h a r a c t e r i s t i c s   a n d  low p res su re  l i m i t s  

of   those  sensors   which w e r e  m o s t   l i k e l y   t o  be u s e f u l   a t  
p ressures   be low 10  t o r r .  The gauges  chosen  for   detai led 
s tudy  were a normal  magnetron  gauge,  an  inverted  magnetron, 
a nude  modulated  ion  gauge,  and a suppressor   g r id   gauge .  
The r e s u l t s   o b t a i n e d   a r e  summarized  below  under Gauge Cal- 
i b r a t i o n .  Two other   sub-programs  a l so   rece ived   cons iderable  
t h e o r e t i c a l   a n d   e x p e r i m e n t a l   a t t e n t i o n .  They a r e   d i s c u s s e d  
u n d e r   t h e   s e c t i o n s   e n t i t l e d   " D i r e c t i o n a l   S e n s i t i v i t y "   a n d  
"Dynamic Response". The p r inc ipa l   conc lus ions   deve loped   i n  
this program a r e   s t a t e d   a t  the end  of this Summary. 

-11 

GAUGE CALIBRATION 

I n   o r d e r   t o   s t u d y   g a u g e   p e r f o r m a n c e   a t  low p r e s s u r e s  
it was n o t   o n l y   n e c e s s a r y   t o   c a r r y   o u t  the w o r k  i n   a n   a p -  
p a r a t u s  w h i c h  was  capable of ach iev ing   p re s su res  w e l l  below 

torr, b u t  it was a l s o   n e c e s s a r y   t o  be a b l e   t o   p r o d u c e  
d e f i n i t e ,  known p r e s s u r e s   i n  the d e s i r e d   r a n g e   w i t h   c e r t a i n t y .  
B o t h  these requirements  w e r e  m e t  by  using a s p e c i a l   p r e s s u r e  
ra t io   t echnique   which   involved   b leeding   he l ium  gas   f rom a 
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known pressure   source   th rough a known conductance ,   in to  N R C ' s  

Extreme High Vacuum (XHV) system. I n  t h i s  way, each  gauge 

was s tudied   independent ly   and   ca l ibra ted   wi thout   re fe rence  
t o   a n o t h e r   g a u g e   o p e r a t i n g   a t   t h e  same p r e s s u r e   l e v e l ,   T h i s  

method i s  c o n s i d e r e d   t o   r e p r e s e n t  a cons iderable   advance   in  
the s t a t e - o f - t h e - a r t   o f   c a l i b r a t i o n   o f   g a u g e s   i n   t h e  UHV 

and XHV ranges.  The method  has   been  appl ied w i t h  success  
down t o   p r e s s u r e s   o f  3 x 10  -I3 t o r r ,  There i s  eve ry   i nd i -  

c a t i o n   t h a t  it i s  a p p l i c a b l e  t o  even  lower  pressures .  

Usefu l   da ta  on g e n e r a l   o p e r a t i n g   c h a r a c t e r i s t i c s  w e r e  a l s o  

obta ined   by   d i rec t   compar ison  of gauges a t  the h ighe r   p re s -  

s u r e   l e v e l s ,   a b o v e  10  t o r r ,   I n   t h i s   l a t t e r  method,   the 
gauge   under   s tudy   was   genera l ly   c ross -ca l ibra ted   aga ins t  a 

modulated  Nottingham  gauge. The main r e s u l t s   o f   t h e   g a u g e  
c a l i b r a t i o n   s t u d i e s   a r e  summarized  below i n   s e p a r a t e   d i s -  

cussions  of  each  gauge  type.  

* 
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Normal  Magnetron Gauge 

The g a u g e   u s e d   i n   t h i s  work  was an MRC Model  552 gauge. 
When opera ted   wi th   an   anode   vo l tage   o f  4-4500 v o l t s   a n d   u s i n g  
a magnet  with a f i e l d   s t r e n g t h   o f  1000 gauss ,  the gauge was 

found t o   g i v e   a n   o u t p u t   c u r r e n t  which was l i n e a r   w i t h   p r e s -  
sures   over   the   range  1 x t o  2 x 10 -lo t o r r .  The 
s e n s i t i v i t y  was approximate ly   4 ,5   ampsl tor r .  Below 2 x 10 
t o r r   con f i rma t ion   ev idence  was ob ta ined   t ha t   t he   gauge  was 

non- l inea r   w i th   t he   gauge   cu r ren t  (i,,) (amp) b e i n g   r e l a t e d  

t o   t h e   p r e s s u r e  (P) ( t o r r )   b y   t h e   r e l a t i o n s h i p  

-10 

i = kP" + 
Both k and n were found t o  be func t ions   o f   t he  

o p e r a t i n g   c h a r a c t e r i s t i c s  of the  gauge. The va lue  of k 

was determined  pr imari ly   by the anode  vol tage.  The sens- 

i t i v i ty   i nc reased   w i th   i nc reased   anode   vo l t age   bu t   gauge  

i n s t a b i l i t i e s  w e r e  a l s o   i n c r e a s e d ,  The e f fec t  of   increased  
no i se  was  more s i g n i f i c a n t   a t   l o w e r   p r e s s u r e s ,  The exponent 

~~ ~~ ~~~ 

* A Trade Mark of National  Research  Corporation 
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n was a s t r o n g   f u n c t i o n   o f   t h e   m a g n e t i c   f i e l d   s t r e n g t h .  
Above 2 x 1 0  -lo t o r r ,  n = 1.0. However,  below 2 x 10 
t o r r   t h e   v a l u e   o f  n dec reased   f rom  1 -89   a t   890   gauss   t o  
1.34 a t  1050 gauss .  Over t h i s   r a n g e   o f   m a g n e t i c   f i e l d  
s t r e n g t h ,   t h e  slope d e c r e a s e d   l i n e a r l y  w i t h  i n c r e a s e s   i n  
t h e   m a g n e t i c   f i e l d   s t r e n g t h .  However, a magne t i c   f i e ld  
s t r e n g t h   a s   h i g h   a s   1 5 6 0   f a i l e d   t o   r e d u c e   t h e   v a l u e   o f  
n below 1.3. Redhead''', h a s   r e c e n t l y  shown t h a t  a dis- 

t i n c t  change i n   t h e   n a t u r e  of t h e   m a g n e t r o n   o s c i l l a t i o n s  
t a k e s   p l a c e   a t  a magnet ic   f ie ld   s t rength   o f   1200  gauss .  
Consequen t ly ,   t he   da t a   a t   1560   gauss  are not; r e a l l y  
comparable to   t hose   be low  1200   gauss .  The normal  magnetron 
was c a l i b r a t e d  down t o  3 x 1 0  t o r r .  A t  t h i s   p r e s s u r e  
t h e   o u t p u t   c u r r e n t  was 7 x 1 0  -I4 amps. 

-10 
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Inverted  Magnetron Gauge 
Previous  experimental   data  by Hobson and  Redhead 

had shown t h a t   t h e   i n v e r t e d  magnet.ron  had a s u b s t a n t i a l l y  
l o w e r   s e n s i t i v i t y   t h a n   t h e   n o r m a l   m a g n e t r o n   a t   p r e s s u r e s  
above 2 x 10 -lo t o r r .   I n   a d d i t i o n ,   t h e   i n v e r t e d   m a g n e t r o n s  
s tud ied   by  Hobson and  Redhead w e r e  non- l inear   wi th   the   ex-  
ponent n ( c f  Normal  Magnetron  Gauge)  varying  from 1.1 t o  
1.4. T h e s e   r e s u l t s   s u g g e s t e d   t h e   p o s s i b i l i t y   o f   a n   i n v e r t e d  
magnetron  with a low  exponent  (say 1.1) having a s e n s i t i v i t y  
which  became  equal t o  a n d   t h e n   g r e a t e r   t h a n   t h e   s e n s i t i v i t y  
of   the   normal   magnet ron   as   the   p ressure   decreased .  

[ 2  1 

Some f ive   inver ted   magnet ron   des igns  w e r e  s tud ied   dur -  
ing   the   p resent   p rogram.  The lowest  exponent  found was 1.25. 
This  was obta ined   wi th   an   inver ted   magnet ron   gauge   spec ia l ly  
d e s i g n e d   a n d   b u i l t  so  a s   t o   r e d u c e   t h e   p o s s i b i l i t y   o f   l e a k -  
a g e   c u r r ' e n t s   g i v i n g   e r r o n e o u s   r e s u l t s   a t   v e r y  low p res su res .  
The gauge  was  operated a t  6000 vol t s   and   gave   an   exponent  
of  1.25  with a magne t i c   f i e ld   s t r eng t .h   o f  2100 gauss.  The 
gauge  was c a l i b r a t e d  down t o  a p re s su re   o f  3 x 10 t o r r .  
A t  t h i s   p r e s s u r e   t h e   o u t p u t   c u r r e n t   o f   t h e   g a u g e  was 3.7 
x amps. Consequently,  even a t  th i .s  p r e s s u r e   t h e  

-13 
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s e n s i t i v i t y   o f  the inverted  magnetron  was  lower  than the 
normal  magnetron. 

By e x t r a p o l a t i o n  it a p p e a r e d   t h a t ' t h e   i n v e r t e d   m a g n e t r o n  

w i t h  an  exponent  of 1.25 would  not  have a g r e a t e r   s e n s i t i v -  
i t y  than  the  normal  magnetron  (exponent 1.45) u n t i l   t h e  
pressure  had  decreased  below  approximately 2 x 1 0  "I4 t o r r .  
A t  t h i s  pressure   bo th   the   normal   and   inver ted   magnet rons  
would  have  output   currents  of approximately 1 x 1 0  -I5 amps. 
A t  ve ry  low p r e s s u r e s ,  the s i g n a l   t o   n o i s e   r a t i o   o f  the 
inverted  magnetron was approx ima te ly   t he  same a s   t h e   n o r m a l  

magnetron. 

Nude Modulated  Ion Gauge 
A modula t ing   e lec t rode  was  mounted i n s i d e   t h e   g r i d  of 

a nude  Nottingham  ion  gauge. The g a u g e   c o l l e c t o r   c u r r e n t  
was then   modu la t ed   by   swi t ch ing   t he   po ten t i a l  of t h e  modu- 

l a t i n g  electrode be tween  ground  and   gr id   po ten t ia l s   accord-  

i n g   t o   t h e  method of RedheadL3].  When the   gauge  was opera ted  
w i t h  a 3.0 Ma e m i s s i o n ,   t h e   s e n s i t i v i t y  was 0.1 amp/torr (N2). 
Using   t he   modu la t ion   t echn ique   t he   r e s idua l   cu r ren t  (i,) 

(X-ray c u r r e n t )  was  measured t o  be 1 . 3  x 10 amps (1.3 
x t o r r )   a t  3.0 Ma emission.  The va lue   o f  ir was 

d i r e c t l y   p r o p o r t i o n a l   t o   t h e   e m i s s i o n   c u r r e n t : .  

-12 

By means of   the   mcdula t ion   technique  it was p o s s i b l e   t o  

ob ta in   cons i s t en t   r e su1 t . s  down t o   i o n   c u r r e n t s   e q u a l  t o  
a b o u t   o n e - h a l f   t h e   r e s i d u a l   c u r r e n t ,   t h a t  i s ,  6 x 10 amps 
o r  6 x 10  t o r r .  Below t h i s   v a l u e   n o i s e   p r o b l e m s  become 

s i g n i f i c a n t .  It i s  q u i t e   l i k e l y   t h a t   t h e   g a u g e   s t r u c t u r e  
used was no t   v ib ra t ion   f r ee   and   consequen t ly   mic rophon ics  
probably  became a major   source  of   noise .  However, t h e  main 

p rac t i ca ' l   p rob lem  in   u s ing  a h o t   f i l a m e n t   g a u g e   a t   p r e s s u r e s  
b e l o w  10  -I1 torr i s  t h a t   a s s o c i a t e d   w i t h   c l e a n i n g   t h e   g a u g e  
and  making c e r t a i n   t h a t  it remains  c lean.  One of t h e  

p r inc ipa l   advan tages  of the   modula t ion   technique  i s  t h a t  

it may be used t o  moni tor   the   c leanl iness   o f   the   gauge   by  
m o n i t o r i n g   t h e   t o t a l   r e s i d u a l   i o n   c u r r e n t .   I f   t h e   m e a s u r e d  

-13  
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total  residual  current  rises  above  the known X-ray-induced 
residual  current,  the  additional  component  of  the  residual 
current  must be assigned to gauge contamination. 

Suppressor  Grid  Gauge  (Modulated) 
The  suppressor  grid  gauge was calibrated  over  the  range 
to 10 -13 torr (N2). The  complete  suppression  of  the 

soft  X-ray-induced  secondary  electron  emission  from  the  ion 
collector  required  the  application  of -665 volts to the 
suppressor  grid.  The  required  suppressor  grid  voltage was 
found  to be a strong  function  of  geometry  of  the  gauge  ele- 
ments.  While  the  suppressor  grid  efficiently  suppressed 
the  ordinary  ion  gauge  residual  current  consisting  of 
secondary  electron  emission  from  the  ion  collector  induced 
by  soft  X-ray  photons  directly  incident  upon  the  collector, 
the  very  existence of the  suppressor  grid  introduced a new 
residual  current  consisting of secondary  electron  emission 
from  the  suppressor  grid to the  collector  induced  by  soft 
X-ray  photons  reflected  from  the  ion  collector  to  the  sup- 
pressor  grid.  This  reflected  X-ray-induced  secondary 
electron  emission  current:  is  very  much  smaller  than  the 
direct  X-ray-induced  secondary  electron  emission  current 
and  is  negative  in sign.  This  negative  residual  current 
causes  the  total  measured  collector  current to pass  through 
zero at a pressure  of 2.7 x 10 torr  and  becomes  negative 
below  this  pressure  (for an emission  current of 1.0 Ma). 
The  negative  residual  current of the  suppressor  grid  gauge 
was -5.4 x 10 -14 amps. 

-12 

The  final  version  of  the  suppressor  grid  gauge  used  in 
this  program was equipped  with a modulation  electrode.  The 
modulation  technique was used  to  separate  the  negative 
residual  current  from  .the  true  ion  current. It was found 
that  the  modulation  technique  substantially  lowered  the 
limit  of  detectability  for  pressure  measurement  of  the  sup- 
pressor  grid  gauge. In fact,  pressures  of  the  order of 10 
torr  were  measured  using  the  modulation  technique,  but  without 
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the use  of the   modula t ion   technique  the s u p p r e s s o r   g r i d  
gauge  could be u s e d   t o   m e a s u r e   p r e s s u r e s   o n l y   a s  l o w  a s  

approximately 10  -I1 t o r r .  
The modulated  suppressor   gr id   gauge i s  cons idered  

the m o s t   r e l i a b l e  of the hot   ca thode   ion   gauges   s tud ied .  
It a l s o   h a s  a l i m i t  of d e t e c t a b i l i t y  for p r e s s u r e   t h a t  

i s  l o w e r  than  any of the   o the r   ho t   ca thode   i on   gauges .  

However, i t s  o p e r a t i n g   c h a r a c t e r i s t i c s  w e r e  found t o  be 

q u i t e   s e n s i t i v e   t o   s m a l l   c h a n g e s   i n  the geometr ica l   loca-  
t i o n  of the  gauge  e lements .  This cond i t ion  i s  untenable  

i n   p r a c t i c e   s i n c e   s m a l l   c h a n g e s   i n   t h e   r e l a t i v e   l o c a t i o n  
o f   t he   gauge   e l emen t s   a r e   t o  be expec ted   a s  a r e s u l t   o f  
t he   h igh   t empera tu re   r equ i r ed   i n   degass ing   t he   gauge .  
Ano the r   i nhe ren t   d i f f i cu l ty   w i th   t he   suppres so r   g r id   gauge  

i s  t h a t   a t  low p r e s s u r e s   t h e   s i g n a l   t o   n o i s e   r a t i o  i s  low 

s i n c e   t h e   g a u g e   s e n s i t i v i t y  i s  r e l a t i v e l y  low, the  measured 
gauge  constant   being  only 2 0  t o r r  . This  gauge  constant  

may be inc reased  somewhat for   the   modula ted   suppressor  

gr id   gauge   by   redef in ing   the   normal  mode of   opera t ion   such  

t h a t   t h e   m o d u l a t o r  i s  normally a t  g r o u n d   p o t e n t i a l   r a t h e r  

t h a n   g r i d   p o t e n t i a l   a s  i s  the  custom. 

DIRECTIONAL SENSITIVITY 
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For t h i s  work a nude  modulated  gauge  was  mounted i n  

t h e  XHV system  on a support   which  could be r o t a t e d   t h r o u g h  

an  angle   of  90 degrees .  A beam of  argon  atoms was admit ted 

t o   t h e   e x p e r i m e n t a l  chamber  through a c a p i l l a r y   a i m e d   d i r e c t l y  
a t   t h e  gauge. The argon was pumped w i t h  a h igh   cap tu re  

p r o b a b i l i t y   b y   t h e   i n n e r   s u r f a c e  of the  experimental   chamber 
which  was  maintained a t  less than  1O0K. The beam i n t e n s i t y  

as   measured   by   the   ion   gauge   c lose ly   approximated   tha t  
p red ic t ed   by  beam theory .  Beam i n t e n s i t i e s   c o r r e s p o n d i n g  
t o  approximately 3 x lo-’ t o r r  w e r e  measured when t h e   p r e s -  
s u r e   a t   t h e   i n l e t   t o   t h e   c a p i l l a r y  was 7.5 x t o r r .  

S igna l  t o  b a c k g r o u n d   r a t i o s   i n   e x c e s s   o f  l o 3  were measured. 
When the  gauge was p laced  so t h a t   t h e  beam impinged  normally 
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on t h e   a x i s  of the c y l i n d r i c a l   g r i d   c a g e ,  the output   o f  
the   gauge  was a t  a minimum. A s  the   angle   be tween  the  
beam and the a x i s   o f   t h e  g r id  cage  was  decreased,   the  
s i g n a l   i n c r e a s e d .  With the beam a x i s   p a r a l l e l   t o   t h e   g r i d  
c a g e   a x i s ,   t h e   s i g n a l  was approximately 2 5  per c e n t  
g r e a t e r   t h a n   a t   r i g h t   a n g l e s   t o  it. The i n c r e a s e d   s i g -  
n a l  was apparent ly   caused   by   back-sca t te r ing   of   a rgon   f rom 
t h e   g l a s s   p r e s s   u s e d   a s  a s u p p o r t   s t r u c t u r e   f o r   t h e   g a u g e  
elements.  This glass   passthrough  assembly was not   cryo-  
g e n i c a l l y   c o o l e d   a n d   r o t a t e d   i n t o   t h e   a r g o n  beam a s  the 

angle  between  the  gauge  and beam decreased.,  Assuming 
cos ine   l aw   d i s t r ibu t ion   o f   back - sca t t e r ing   f rom  the   gauge  
suppor t ,   an   i nc rease  of 2 1  pe r  c e n t  i n   i o n   c u r r e n t  was 
pred ic ted .   Consequent ly ,   independent   o f   back-sca t te r ing ,  
t h e  n u d e   i o n   g a u g e   s e n s i t i v i t y   d i d   n o t   a p p e a r   t o  be 

d i r ec t iona l ly   dependen t .  
DYNAMIC RESPONSE 

The dynamic   response   charac te r i s t ics   o f   an   ion   gauge  
w e r e  s tud ied   by   u s ing  a f l a sh   f i l amen t   t echn ique   t o   gene r -  
a t e  a s h o r t ,   s t e e p  r ise gas   pu lse   and   measur ing   the  time 
h i s t o r y   o f   t h e   i o n   g a u g e   o u t p u t   c u r r e n t   ( c o l l e c t o r   c u r r e n t ) .  
Argon  was adsorbed on a 77'K f i lament   which was f l a s h e d   t o  
about  190°K  by a 7 microsecond  hea t ing   cur ren t   pu lse .  From 
t h e  t i m e  h i s t o r y   o f   t h e   i o n   g a u g e   c o l l e c t o r   c u r r e n t   a n d   t h e  
c a l c u l a t e d  t i m e  o f   f l i g h t  of t he   a rgon   gas   pu l se  from t h e  
f l a s h   d e s o r p t i o n   f i l a m e n t   t o   t h e   i o n   g a u g e   g r i d   c a g e ,   t h e  
response t i m e  o f   the   ion   gauge  was de t e rmined   t o  be o f   t h e  
o rde r  of several   microseconds.   That  i s ,  t h e  t i m e  i n t e r v a l  
between the a r r i v a l   o f   t h e   g a s   p u l s e   a t   t h e   s u r f a c e   o f   t h e  
ion  gauge  gr id   cage  and  the  appearance  of   an  ion  current  a t  
t h e   c o l l e c t o r  was about  2 .6  microseconds,   This  gauge time 
cons tan t   ag rees  w e l l  w i th   t he   va lue   ca l cu la t ed   f rom  theo ry  

for   the   gauge   and   gas  u s e d  i n   t h i s   e x p e r i m e n t .  The above 
r e s u l t   i m p l i e s   t h a t   t h e   N o t t i n g h a m   i o n   g a u g e   u s e d   i n   t h i s  
experiment  would  have a f l a t  dynamic  response t o  about 385  K c / s .  
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The i n t r i n s i c  dynamic  response  propert ies   of   an  ion 
gauge  depend  on the gas ,  the geometry of the gauge  and the 
o p e r a t i n g   v o l t a g e s   a p p l i e d   t o  the gauge   e lec t rodes .  How- 
e v e r ,   i n  most p r a c t i c a l   a p p l i c a t i o n s  the f a s t e s t   p r e s s u r e  
v a r i a t i o n   t h a t   c a n  be measured w i t h  an   ion   gauge  w i l l  a l s o  
depend  on the l o c a t i o n  of t h e   g a s   s o u r c e ,   t h e   t e m p e r a t u r e  

of the gas ,  the shape   and   s i ze   o f   t he  vacuum enclosure .  

It should be c l ea r   t ha t   t he   i on   gauge   canno t   measu re  a 
change i n   p r e s s u r e   u n t i l   t h a t   c h a n g e   r e a c h e s   t h e   g a u g e  

proper .  However, s ince   the   gas   molecules   have  a w i d e  ve l -  

o c i t y   d i s t r i b u t i o n ,   t h e   a c t u a l   d e n s i t y   v a r i a t i o n   w i t h  time 
a t   v a r i o u s   p o i n t s   i n   t h e   s y s t e m  w i l l  d i f f e r   i f   t h e   p r e s s u r e  

v a r i a t i o n s   a r e   v e r y   f a s t   ( s a y   o f   t h e   o r d e r   o f   t e n s   o f  

microseconds).  
CONCLUSIONS 

1. An 

UHV and XHV 
down t o  3 x 

advanced  method  of   cal ibrat ing  gauges i n  t h e  
ranges  was  developed  and  tes ted  with  success  
lo-i3 

- 

t o r r .   T h e r e  i s  e v e r y   i n d i c a t i o n   t h a t   t h e  

method i s  a p p l i c a b l e   t o   e v e n  lower p r e s s u r e s ,  

2. New gauge  designs  which  gave  superior  performance 

were tested for   the   inver ted   magnet ron   gauge   and  a modulated 
suppressor   g r id   gauge .  

3 .  The lowest  limits o f   gauge   ca l ib ra t ion  were no t  
limited by the p r e s s u r e s   a t t a i n a b l e   i n   t h e   c a l i b r a t i o n   s y s -  

t e m .  The gauge  performance  was  generally l imi ted  by l o w  
s i g n a l   t o   n o i s e   r a t i o s   a t   t h e   l o w e s t  l i m i t s .  The lowest  

l i m i t s  e s t ab l i shed   fo r   each   o f   t he   gauges  were:- 

Normal  Magnetron  Gauge 3 x 1 0  torr N2 

Inverted  Magnetron Gauge 3 x 10 t o r r  N2 

Nude Moduhted  Ion Gauge 6 x 1 0  t o r r  N2 

Modulated  Suppressor G r i d  Gauge 1 . 3  x 10 t o r r  N2 

-13 
-13 
-12 
- 12 

4. The normal   magnetron  gauge  had  the  highest   sensi-  
t i v i t y  of a l l  gauges  examined a t   a l l   p r e s s u r e s  tested. 
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However, both  types  of   magnetron  gauges w e r e  n o n - l i n e a r   i n  
t h e   p r e s s u r e   r a n g e  of i n t e r e s t   i n   t h i s  program. The i n v e r t e d  
magne t ron   r equ i r ed   h ighe r   magne t i c   f i e lds   and   h ighe r   anode  
v o l t a g e s   f o r  optimum performance  than  did the normal  magnetron. 

5. For   bo th   ho t   f i l ament   gauges  - t h e  nude  modulated 
ion   gauge   and   the   suppressor   g r id   gauge  - extreme c a r e  was 
r equ i r ed  t o  'ob ta in   adequate   degass ing   by   e lec t ron  bombard- 
ment. In   add i t ion ,   t he   expe r imen ta l   and   ma themat i ca l   p ro -  
c e d u r e s   r e q u i r e d   t o   m e a s u r e   t r u e   p r e s s u r e  w e r e  complex  and 
soph i s t i ca t ed   and   ye t   no t   comple t e ly   w i thou t   ambigu i ty .  

6. Major   advances  would  resul t   i f   the   normal   magnetron 
could be made l i nea r   be low 2 x 10  t o r r .  There does  not 
appear t o  be a n y   t h e o r e t i c a l   r e a s o n  why this should  not  be 

f e a s i b l e .  
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7. Fur ther   deve lopments   a re   requi red   to   advance   the  
techniques  of  measuring  exceedingly  small   currents.   Major 
d i f f i c u l t i e s   a r e   p r e s e n t l y   c a u s e d   b y   d i e l e c t r i c   p o l a r i z a t i o n ,  
i n s t a b i l i t i e s   a n d   n o i s e   i n  power supp l i e s ,   c apac i t ance  ef-  

fec ts  between  gauge e l e m e n t s ,  microphonics,   and  leakage 
cur ren ts   caused   by   non-per fec t   insu la t ion   mater ia l s .  

8. The s tud ie s   i nvo lv ing   a rgon  beam techniques  showed 
t h a t  a nude  Nottingham  gauge  gave  output  signals which w e r e  
i ndependen t   o f   t he   i nc idence   ang le   o f   f l ux  on the  gauge i f  
back-scatter  from  gauge  support   elements w e r e  neglected.  
I n   m o s t   p r a c t i c a l   a p p l i c a t i o n s ,   b a c k - s c a t t e r  w i t h  cos ine  
l a w   d i s t r i b u t i o n  w i l l  be a f a c t o r   i n   d e t e r m i n i n g   t h e   g a u g e  

reading  . 
9. The response t i m e  f o r  a nude  ion  gauge  was  found 

t o  be approximately 2.6 microseconds - a time which i s  com- 
pa rab le  t o  the t i m e  r e q u i r e d   f o r   a n   i o n   t o   t r a v e l  from the 
p o i n t  of i o n i z a t i o n   w i t h i n   t h e   g r i d   s t r u c t u r e   t o   t h e  col-  
lector. I n  m o s t   p r a c t i c a l   c a s e s ,  the response t i m e  w i l l  
be d e t e r m i n e d   b y   t h e   r a t e   o f   t r a v e l   o f   t h e   g a s   t o   t h e   g a u g e .  
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1.0 INTRODUCTION 

With  the  extension  of  the  Space  Program  to  more  distant 
missions  such  as  the  moon,  many  of  the  requirements  for 
measuring  the  properties  of  space  are  beyond  the  limits  of 
the  state-of-the-art  for  present  day  sensors.  The  measure- 
ment  of  gas  density and/or  pressure is in  this  category. If 
missions  to  deep  space,  such  as  Mars  are  considered,  the 
problems  are  further  magnified.  Moreover, it  is  now  apparent 
that  current  vacuum  technology  is  capable  of  routinely  pro- 
ducing  pressures  comparable  to  that  in  outer  space.  However, 
measurement  of  such  pressures  and  gas  densities  is  severely 
limited.  Pressures  in  the  range 10 -lo and 10 -I1 torr  may be 
measured  with  some  certainty  but sk i l l  and  care  are  required. 
Below 10 -I1 torr  the  problems  become  acute  and  reliability 
of  measurement  quickly  becomes  marginal  as  the  pressure  de- 
creases.  And yet, it is  an  undoubted  fact  that  pressures 
lower  than 10 -I3 torr  can  be  produced  routinely.  But  at 
the  present  time,  they  cannot  be  measured  with  any  degree 
of confidence. 

The  basic  approach  in  this  program  was to select a 
number of gauges  which  appeared  to  have  good  prospects of 
being  useful  gauges at extremely low pressures  and  then  to 
test  these  gauges  in  the XHV range to determine  their  low 
pressure  limitations  and  general  operating  characteristics. 
The  results  should  then  lead to the  logical  choice  of  gauge 
or  gauge  principle  which  should  receive  research  and  develop- 
mental  effort  in  order  to  produce a sensor  with  sufficient 
accuracy  and  sensitivity  to  measure  pressures  below  the 
present  limits of measurement. In order  to  mee.t  these  re- 
quirements,  not  only was it  necessary to produce  extremely 
low  pressuresc  but a method of producing a known pressure 
with a considerable  degree  of  certainty was required. The 
NRC Extreme  High  Vacuum  system was used  to  produce  the  low 
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background  pressures  and a p r e s s u r e - r a t i o   t e c h n i q u e   u s i n g  

hel ium  gas  was t h e   b a s i s   o f   t h e  method  of  producing known 

p r e s s u r e s   f o r   c a l i b r a t i o n   p u r p o s e s .  

I n   a d d i t i o n  t o  the i n v e s t i g a t i o n   o f   v e r y  low p r e s s u r e  
performance  of   cer ta in   promising  gauges,  t w o  o the r   r e sponse  
problems  of   cons iderable   s ign i f icance  w e r e  i n v e s t i g a t e d .  
The f irst  c o n c e r n e d   p o s s i b l e   v a r i a t i o n s   i n  the o u t p u t   s i g n a l  

from  an  ion  gauge  according t o  the a n g l e   a t   w h i c h  a beam of 
g a s   e n t e r e d   t h e   g r i d   s t r u c t u r e   o f   t h e   g a u g e .  The ques t ion  
a r o s e   a s   t o   w h e t h e r   t h e   a n g l e   a t   w h i c h  a nude  ion  gauge was 
p l a c e d   i n  a g a s  beam would  have  any e f f e c t  on the  gauge  out-  
pu t .  Also would t h e  amount of gas   back - sca t t e red  from t h e  
base   and   suppor t ing   s t ruc tu re  of a g a s   s i g n i f i c a n t l y   i n c r e a s e  

t h e   s i g n a l ?   F o r   t h i s   p a r t   o f   t h e   p r o g r a m   a n   a r g o n  beam w i t h  
a n   i n t e n s i t y   e q u i v a l e n t   t o   a p p r o x i m a t e l y  10  t o r r  was i n t r o -  

duced   in to   the   exper imenta l   chamber  of t h e  XHV system.  With 
the  experimental   chamber a t  10°K, the   angle   be tween the gauge 

and   the  beam was changed  from  zero t o  7 ~ / 2  b y   r o t a t i n g   t h e  
gauge .   Dur ing   the   ro ta t ion   the   gauge   ou tput  was recorded.  

The second  problem was t o   d e t e r m i n e  the r a t e   a t  which 
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an   ion   gauge   would   respond  to   rap id   changes   in   gas   dens i ty .  

A r a t e   o f  rise i n   g a s   d e n s i t y  of approximately  one  decade 
pe r   mi l l i s econd  was r e q u i r e d   i n   o r d e r   t o   c a r r y   o u t   e x p e r i -  

mental   measurements   of   actual   gauge r ise times. A technique 

involv ing   the   f lash   desorp t ion   of   a rgon   f rom a tungs ten  
f i l amen t  was  used i n   t h i s   p a r t  of the  program. 

Both of these   p rob lems   a r e   i nvo lved   i n   t he   p rope r  

in t e rp re t a t ion   o f   p re s su re   and   dens i ty   measu remen t s   on  
b o a r d   s a t e l l i t e s .  They a r e   a l s o   i n v o l v e d  i n  i n t e r p r e t i n g  mea- 

surements   in  vacuum sys t ems   i n  which t h e r e  i s  a s t e a d y   o r  
time varying  gas   f low.  

been  publ ished[*] .  The work h a s   a l s o   r e s u l t e d  i n  a p a t e n t  
appl ica t ion   cover ing   the   modula ted   suppressor   g r id   gauge .  

The r e s u l t s   o f   p a r t  of t h e  work i n  t h i s  program  have 



2.0  OBJECTIVES 

I n i t i a l l y ,   t h e   p r i m a r y   o b j e c t i v e s   o f  the present  program 
w e r e  a s   f o l l o w s :  

1. Cross -ca l ib ra t ion  of gauges   su i tab le   for   ex-  
treme h igh  vacuum a p p l i c a t i o n   a g a i n s t  the 
NRC-552 co ld   ca thode   i on   gauge   t o  the 
lowest p r e s s u r e  l i m i t s .  

2. I n v e s t i g a t i o n   o f  the lowest possible 
limits of p r e s s u r e s   a n d   s t a b i l i t y  of 

s eve ra l   s e l ec t ed   t ypes   o f   gauges .  

3 .  Determination of the d i r e c t i o n a l   a n d  
dynamic   r e sponse   cha rac t e r i s t i c s   o f  
severa l   p ressure   gauges .  

4. I n v e s t i g a t i o n  of the pos i t iona l   depend-  
ence where d i r e c t i o n a l   r e s p o n s e  was 
found t o  be a s t rong   func t ion   of   angle  
of inc idence .  

During the course of the r e s e a r c h   w o r k ,   t h e o r e t i c a l ,  
expe r imen ta l   and   t echn ica l   cons ide ra t ions   necess i t a t ed  re- 
pea ted   r e -eva lua t ion   and   r ede f in i t i on   o f  the d e t a i l s   a n d  
course  of  the exper imenta l   work ,   For   ins tance ,   ear ly   in  
the program, it became  apparent   tha t   severa l  of the gauges 
i n i t i a l l y  chosen for  s tudy  w e r e  not- po ten t i a l ly   sound   gauges  
for   the  measurement  of extremely low pressures .   Accordingly,  
the  Scope of Work was r e v i s e d  t o  inc lude  a number of gauges 
which  had  more s u b s t a n t i a l   p r o s p e c t s  of being  useful   gauges.  
The following  gauges w e r e  t o  be i n c l u d e d   i n  the study:- 

a .  Normal Magnetron Gauge 
b. Nude I o n  Gauge 
c. Inverted  Magnetron 
d.   Suppressor G r i d  Gauge 
e. G.E. L a f f e r t y  Gauge 
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The Laf fe r ty   gauge   un fo r tuna te ly  was n o t   a v a i l a b l e   f o r  

t e s t i n g .  
I n  the course  of   the   program,  experimental  resu l t s  

showed t h a t   c a l i b r a t i o n   a t  l o w  p r e s s u r e s   b y   t h e   p r e s s u r e -  
r a t i o   t e c h n i q u e  was s u p e r i o r  t o  t h e   c r o s s - c a l i b r a t i o n   a g a i n s t  

the NRC 552 cold-cathode  (normal  magnetron)  gauge.  In  gen- 
e r a l ,  it was p o s s i b l e   b y   t h e   p r e s s u r e - r a t i o   p r o c e d u r e   t o  

o b t a i n   e s s e n t i a l l y   i n d e p e n d e n t   c a l i b r a t i o n s   o f   e a c h   g a u g e  
a t  ex t remely   low  pressures .   In   addi t ion ,  it a l s o  became 
a p p a r e n t   t h a t   s e v e r a l  of t he   gauges   des igned   fo r   ope ra t ion  
a t   h i g h e r   p r e s s u r e s  - say  above 10  -lo t o r r  - requi red   ex ten-  

s i v e   m o d i f i c a t i o n s   a n d   r e b u i l d i n g   i n   o r d e r   t o   e n s u r e   a n y  
u s e f u l n e s s  of the  gauge  for   the  measurement   of   extremely 
low p res su res .  As a r e s u l t ,   t h e  work s ta tement  was f u r t h e r  
amended and  supplemented t o   i n c l u d e   t h e   f o l l o w i n g :  

1. 

2. 

3 .  

4. 

D e t e r m i n e   t h e   n i t r o g e n   s e n s i t i v i t y   o f  
the  normal  magnetron i n  t h e  XHV range 

u s i n g   t h e   c a p i l l a r y   p r e s s u r e   r a t i o  

technique.  

D e t e r m i n e   t h e   h e l i u m   s e n s i t i v i t y  of 

the  modif ied  inverted  magnetron  gauge 

i n   t h e  XHV r a n g e   u s i n g   t h e   c a p i l l a r y  

r a t i o   t e c h n i q u e .  

De te rmine   t he   he l ium  sens i t i v i ty   o f  

t he   mod i f i ed   suppres so r   g r id   gauge   i n  

t h e  XHV r a n g e   u s i n g   t h e   c a p i l l a r y  

r a t i o   t e c h n i q u e .  

Conduct a modulated  argon beam exper i -  
ment on e i t h e r   t h e   m o d i f i e d   s u p p r e s s o r  
g r i d   g a u g e   o r  on the  modulated  Nott ing-  

ham ion   gauge   t o   de t e rmine   t he   gauge  
sens i t i v i ty   dependence  on t h e   f l u x  i n -  
c idence  angle .  
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5. C0nduct.a chopped  atomic  beam  experi- 
ment  to  determine  the  dynamic  response 
of either  the  modified  suppressor  grid 
gauge  or  the  modulated  Nottingham  ion 
gauge. 

During a preliminary  theoretical  analysis of the  response 
time  characteristics of an  ion  gauge  it was shown  that  high 
rates of change of gas  density  could  be  applied to a gauge  by 
using  flash  desorption of gas (argon)  previously  adsorbed  on 
a tungsten  filament.  This  procedure was used to measure  the 
dynamic  response  characteristics  in lieu of the  chopped  atomic 
beam. 

Otherwise,  the  work  adhered  to  the  main  objectives of 
the  program  as  set  out  above.  Each of the  above  objectives 
was  achieved. 
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3.0 GAUGE CALIBRATION 

I n  examin ing   t he   r e sponse   cha rac t e r i s t i c s  of the va r ious  
gauges tested i n   t h e   p r e s e n t   p r o g r a m ,  t w o  methods were used. 

I n  the first method the gauge  under  examination  was  compared 

d i r e c t l y  w i t h  a gauge  of known c h a r a c t e r i s t i c s  - g e n e r a l l y  a 

modulated  Nottingham  gauge. A UHV system  was  used  for   this  
procedure  which i s  r e f e r r e d   t o   a s   c r o s s - c a l i b r a t i o n   t h r o u g h -  

o u t  this r e p o r t .  Gauge c a l i b r a t i o n  down to   approximate ly  

1 x 1 0  t o r r  ( N 2 )  was f e a s i b l e  w i t h  th i s  method, The 

second  method  involved  the  use  of  the  Extreme  High Vacuum 
system  and a p r e s s u r e   r a t i o   t e c h n i q u e  was used  for   gauge 
ca l ib ra t ion .   A l though  the method  can be u s e d   t o   c a l i b r a t e  
gauges  over a wide   p ressure   range  it was general ly   conven-  

i e n t   t o   u s e  a range  of  approximately 10  -I0 t o  1 0  t o r r  
(NZ) f o r  the gauges  examined. 

-13 

The  two  methods therefore   over lapped   by   about   one  
decade.  They a r e   d e s c r i b e d   i n  more d e t a i l   b e l o w ,  

A l l  p r e s s u r e s   n o t e d   i n   t h i s   r e p o r t   a r e   e q u i v a l e n t  
n i t rogen   p re s su res   un le s s   o the rwise   spec i f i ed .  

3.1 PROCEDURES 

3.1.1 Cross-Cal ibra t ion  

3.1.1.1 Description  of  System 

The c ross -ca l ib ra t ion   o f   gauges  was c a r r i e d   o u t   i n   t h e  

s m a l l   g l a s s  UHV system shown i n   F i g u r e  1. The gauges  under 
t e s t  were tubu la t ed   on to   t he   sys t em w i t h  one-inch  diameter 

Pyrex i n   s u c h  a way a s   t o  minimize  pumping  speed  errors  and 

r educe   i on   i n t e rac t ion   be tween   gauges .   P r io r   t o  a c a l i b r a -  
t i o n   t h e   s y s t e m  was baked a t  4OOOC f o r   a t   l e a s t  24 hours.  
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Fig. 1: GLASS UHV SYSTEM SHOWING TEST GAUGES 



3.1.1.2 Method  of Cross C a l i b r a t i o n  
After a s u f f i c i e n t l y  low  background  pressure  had  been 

reached  (approximately 1 x 1 0  -I1 t o r r )   a n d   t h e   h o t   f i l a m e n t  
gauges   degassed   by   e lec t ron   bombardment ,   the   ca l ibra t ion  
g a s  was admi t ted  through c o n t r o l l e d   l e a k   v a l v e s .  The pres-  

s u r e  was t h e n   s t a b i l i z e d   b y   b a l a n c i n g  the g a s   i n l e t   r a t e  
a g a i n s t   t h e   g a u g e  pumping speeds   fo r   each   p re s su re .  

For   the   major   par t   o f   the  work a modulated  Nottingham 
gauge was used   as   the   compar ison   s tandard .  This gauge  was 
p r e v i o u s l y   c a l i b r a t e d  on t h e  NRC c a l i b r a t i o n   f a c i l i t y  151 . 
I n   t h i s  way, the gauge  under  study  could be r e f e r e n c e d   t o  

a McLeod gauge  through  the  modulated  Nottingham  gauge. 

During  any  experiment  the  modulator was used   con t inua l ly  

to   mon i to r   r e s idua l   cu r ren t   o f   t he   r e f e rence   gauge .  From 

t h e s e   d a t a ,   t h e   t r u e   i o n   c u r r e n t   i n  the gauge  was  calculated 

and   p lo t t ed   i ndependen t   o f   r e s idua l s .  

3.1.2  Pressure  Ratio  Technique 

3 .1 .2 .1   Descr ip t ion   of   the  XHV System 
The Extreme  High Vacuum System (XHV),  i s  shown schematic- 

a l l y   i n   F i g u r e  2 .  The experimental  chamber i s  24 inches   long  

and 18 i n c h e s   i n   d i a m e t e r .  It i s  constructed  of   copper   and 

can be baked to   s eve ra l   hundred   deg res s   Cen t ig rade   by   r ad ian t  

h e a t e r s ,   a n d   t h e n   c o o l e d   t o  l O o K  by a c losed  loop  hel ium re- 
f r ige ra to r .   Ou tgass ing  from t h e   w a l l s   o f   t h i s  chamber i s  then  
h e l d   t o   a n   e x t r e m e l y  low value.   Furthermore,  a l l   g a s e s   e x c e p t  

hydrogen,   neon  and  hel iun.are  pumped a t   h i g h   s p e e d  by t h e  

w a l l s   a t   c r y o g e n i c   t e m p e r a t u r e s .  
The working  chamber i s  surrounded  by  an  intermediate  

s h e l l  which i s  also bakeable  and may be cooled t o  77OK t o  
minimize   ou tgass ing .   This   in   tu rn  i s  surrounded  by  an  outer  

s h e l l   w h i c h   r e s t r a i n s   t h e   a t m o s p h e r i c   p r e s s u r e   a n d   a l s o  
conf ines  a guard  volume  between it and the in t e rmed ia t e  

8 
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s h e l l .  The purpose   o f  the  guard  volume i s  t o   r e d u c e  the 
c o n s e q u e n c e   o f   l e a k s   a n d   t o   p r o v i d e   t h e r m a l   i n s u l a t i o n   f o r  

the c o l d   i n t e r m e d i a t e  shell .  The f l a n g e d   j o i n t s   i n  the 

o u t e r   a n d   i n t e r m e d i a t e  shells a r e  of cooled  double  O-ring 
des ign .  The two  main  pumping  systems  each  employ o i l  d i f -  

f u s i o n  pumps wi th   co ld   caps   and   l iqu id-n i t rogen-cooled  

ba f f l e s .   Each  i s  backed by a second   d i f fus ion  pump and  by 
a mechanical pump, 

The two  outermost shells f o r m   a n   i n t e g r a l   u n i t  w h i c h  

c a n   e a s i l y  be r o l l e d   b a c k   o n   t r a c k s   t o   p r o v i d e   a c c e s s   t o  

the  experimental   chamber ,  The experimental  chamber i s  sup- 
p o r t e d  on a t u b u l a r   c a n t i l e v e r   s t r u c t u r e   w h i c h   m a i n t a i n s  

a l ow  conduc t ive   hea t   l eakage .   Th i s   s t ruc tu re   a l so   fo rms  

a s e p a r a t e l y  pumped t u n n e l   s e c t i o n   f o r   t h e   e n t r y   o f  e lec t r i -  
c a l   l e a d s .  Gauges  and  other   experimental   devices   are   mounted 
i n   t h i s   s e c t i o n   a n d   t u b u l a t e d   t h r o u g h   t h e   c l o s e d   e n d   o f  the 

experimental   chamber   or   are   mounted  inside the exper imenta l  

chamber  on the   end   c losu re  w i t h  the l e a d s   c a r r i e d   o u t   t h r o u g h  

the t u n n e l   s e c t i o n ,  
A p r e s s u r e   o f  1 x 10 -lo t o r r   w i t h i n   t h e   i n t e r m e d i a t e  

shel l  ( and   t he re fo re   w i th in  the experimental   chamber) i s  

ob ta ined  when  pumped by t h e   d i f f u s i o n  pumps. Baking the 

experimental   chamber   and  then  cool ing it t o  l O o K  or   below 

reduces the p r e s s u r e   t o  a value  beyond the p r e s e n t  l i m i t  

of  measurement. 

3-1.2.2 Method of  Gauge C a l i b r a t i o n  

The  method of   gauge  comparison  used  in  t h i s  p a r t   o f  

the p r e s e n t   s t u d y  i s  a n   e x t e n s i o n   o f  the dynamic  pressure 
r a t io   t echn ique   r epor t ed   by   Roehr ig   and  Simons ‘51 f o r   c a l -  
ib ra t ion   of   gauges   above  10  t o r r .  The e s s e n t i a l   e l e m e n t s  -9 

o f  the s y s t e m   a r e   r e p r e s e n t e d   s c h e m a t i c a l l y   i n   F i g u r e  3 .  

A combina t ion   of   o i l -d i f fus ion  pumping  and  cryopumping  was 
used t o   r e d u c e  the p r e s s u r e   i n  the t e s t  chamber t o   p r e s s u r e s  
e s t i m a t e d   t o  be below 10  -15 t o r r .  
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Experimental  Method -- For a particular  experiment, 
thermal  stability  of  the  system was established  and  the 
system  pressure  reduced  to a value  below  the  limit  of  de- 
tectability.  Highly  purified  helium was then  admitted  to 
a separately  pumped  system  through a variable  leak  valve. 
Helium  flowed  from  this  system  (controlled  at  pressures  in 
the  range 1 x  torr  to 1 x 10'' torr) to the  extreme 
high  vacuum  chamber  through  an  accurately  dimensioned  cap- 
illary. The  helium  pressure at the  inlet  to  the  capillary 
was measured with a tubulated hot  filament  ion  gauge  of  the 
Nottingham  type.  This  gauge was calibrated  for  helium  using 
NRC'S ultrahigh  vacuum  gauge  calibration  system  with  the 
McLeod  gauge as the  primary  standard., The  gauges  to be 
tested  are  located  in  the  tunnel  section of the XHV system 
and  are  tubulated  to  the  extreme high  vacuum  chamber.  This 
chamber was operated at temperatures  (approximately 1O0K), 
such  that  cryosorption of helium was negligible.  Helium 
was removed  by  diffusion  pumping.  The  flow  of  helium  from 
the  test  chamber was restricted  by  an  orifice  (conductance, 

c2 Consequently,  for a flow  rate, Q ,  of  helium  through 
the  capillary,  the  pressures  in  the  various  parts  of  the 
system  were  related  as  follows: 

Q = C1(P1 - P2) = c2  (P2 = = s4p4 3 3 3  

where: 

C1 = Conductance  of  capillary,  l/sec 
C2 = Conductance  of  exit  orifice, l/sec 
P1 = "Upstream"  pressure,  torr 
P2 = Pressure  in  test  chamber,  torr 
P3 = Pressure  of  inlet  to  primary  diffusion  pump,  torr 
p4 = Pressure  of  inlet  to  secondary  diffusion  pump,  torr 

s3  = Speed  of  primary  diffusion  pump,  l/sec 

s4 = Speed of secondary  diffusion  pump, l/sec 

The  values of Cl, C2, and S 3  were  designed so that 
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Consequently, 

c p l  .G C2P2 s 3 3  P 

Therefore ,  

From a knowledge of t h e   r a % i o  C1/C2 and  measured  values 
of plO va lues  of P2 were c a l c u l a t e d .   I n   o r d e r   t o   d e t e r m i n e  
whether this procedure was s a t i s f a c t o r y ,   t h e   f o l l o w i n g  tests 
were made : 

1. Measurements  of the p r e s s u r e   r a t i o  P1/P2 us ing  two 

Nott ingham  type  ion  gaages,  

2 .  Meseurements of t h e   r a t i o  of t he   he l ium  p re s su re  
P1 t o  a mass spec t romet r ic   measurement   o f   he l ium  par t ia l  
p r e s s u r e  P 4 "  

Direct Measurement of the Pressure  Ratio P /P -- For 

th i s   pu rpose  a nude  Nottingham  type ion gauge  containing a 
modula t ing   e lec t rod  w a s  mounted i n  t h e  t es t  chamber,   After 
r i go rous   c l ean ing  of b0t.h the "upstream"  and  nude  gauges, 
t h e   p r e s s u r e   r a t i o  P1/P2 was measured .   This   ra t io   remained  
c o n s t a n t  (wi t . h in  ~ ' 7 0 / 0 ~  for a1.1 va lues  of P2 from 5 x 10'' 

t o r r   t o  3.0 x 10  ="I1 t o r r .  Pressbrc r a t i o s  P1/P2 of t h e  
o rde r  of LC4 t o  I O 5  w e r e  used.. It  should be n o t e d   t h a t  be- 
cause  the  system i s  not   isot .herma1,   the  calculat ion  of   con-  
duc tances   r equ i r e s  a knowledge of the temperatures   involved.  
In   add i t ion ,   ca re   mus t  be .taken to c o r r e c t   f o r   t h e r m a l   t r a n s -  
p i r a t i o n   e f f e c t s ,   p a r t i c u l a r l y   f o r   g a u g e s   t u b u l a t e d   t o   t h e  
t e s t  chamber  and  not.  isothermal  with it. I n   t h i s   r e g a r d ,  
it must be remembered tha t   bo th   magnet ron   and   ho t   f i l ament  
ion  gauges  measure-molecular  nu.mber d e n s i t y   a n d   c a l c u l a t i o n  
of  the t r u e  p r e s s u x e   r e q u i r e s  a t empera tu re   co r rec t ion .   In  
the   fo l lowing   d i scuss ion  when quo ta t ion   marks   a r e   u sed ,   fo r  
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example,  "pressure", it is to be understood  that  the  temp- 
erature  correction has _not been  appiied  to  the  "pressure" 
corresponding  to  the  molecular  number  density. 

Mass  spectrometric  measurement  of  the  helium  partial 
pressure, P4, in-the outlet  of  the  primary  pump  showed a 
constant  ratio  of P /P This  ratio  remained  constant  for 
values of P1 from 1 x 10 torr  to  saturation of the  mass 
spectrometer at 3 . 6  x torr. The  mass  spectrometer  had 
a sensitivity  of 4.3 x lo-' torr He per  scale  division.  The 
variable  leak  used was capable  of  controlling  the  helium 
flow  rate to within  approximately  one  scale  division.  With 
a pressure  ratio  across  the  primary  diffusion  pump of at 
least lo6 the  above  results  infer  that  helium  partial  pres- 
sures  of  less  than 10 -I4 torr He could be controlled at the 
inlet  to  the  primary  diffusion  pump.  The  results  are  also 
consistent  with  the  assumption  of a constant  pumping  speed 
for  the  primary  pump. The  secondary  pump was operating  in 
a pressure  range  at  which  it is known to  have a constant 
speed. However, as has been  shown' 5 1 1  if C2 << S 3  variations 
in pumping  speed will  have  little  effect  on  the  pressure 
ratio p1/p2. 

1 4"g 

The  excellent  agreement  between  the  data  taken  in  the 
XHV system  (using  the  pressure  ratio  technique)  and  that 
obtained  from  the UHV system  (using  the  leak-up  technique) 
for  helium was confirmation  that  the  pressure  ratio  proced- 
ure  was valid. Thus  the  operation  of  the  pressure  ratio 
system  indicated  that  the  upstream  pressure  gauge  could be 
used  to  compute  pressures in  the XHV chamber.  Since  the 
background  on  the  "upstream"  gauge  was  less  than 3 x 10'' 

torr,  the  data  suggest  that  the  "pressure"  in  the XHV chamber 
with  zero  helium  flow  was  less  than 1 x 10 -I4 torr. 
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3.1.2.3 E l e c t r o n i c  Mea screments 

F o r   c a l i b r a t i o n   a t   p r e s s u r e s   b e l o w  1 0  t o r r ,  the -11 

measurement of c u r r e n t s  of the order of. 1 0  -I2 amps and 
b e l o w  becomes necessary .   Kei th ley  Model 410 and 610 

e l e c t r o m e t e r s   a s  w e l l  a s  a Wayne-Kerr  Dynamic Capaci tor  
Elec t rometer   have   been   used   in  this work.  Keithley 410 and 610 
electrometers h a v e   f u l l   s c a l e   s e n s i t i v i t i e s  of 3 x 10 
amps and 1 x 10 -I3 amps respect ively.   Consequent ly ,  it i s  
n o t   p o s s i b l e  t o  make accurate   current   measurements   with 
these instruments   below  about  2 x 10 -I4 amps. I n  many 
c a s e s   t h e   s i g n a l   t o   n o i s e   r a t i o   a p p r o a c h e s   u n i t y   a t   t h o s e  
c u r r e n t   l e v e l s .   I n   a d d i t i o n ,  it h a s   b e e n   n o t i c e d   t h a t  some 
gauge  measurements a t  low pressures   gave   apparent   nega t ive  
i o n   c u r r e n t s .  This was t r a c e d   t o   p o l a r i z a t i o n   o f   t h e   g l a s s  
i n s u l a t . i o n .   I n   o r d e r   t o   r e d u c e   t h e  effects  of d i e l e c t r i c  
p o l a r i z a t i o n   a n d   r e d u c e   p o s s i b l e   l e a k a g e   c u r r e n t s   i n   t h e  
c a t h o d e   c i r c u i t ,  a spec ia l   ca thode   lead   sys tem was cons t ruc t ed .  
T h i s  i nvo lved   t he   u se   o f  vacuum i n s u l a t i o n  (10'' t o r r )  where 
p o s s i b l e .  A minimum of   quar tz  was used elsewhere. Double 
s h i e l d i n g   o f  the system  was  used. The inne r  shield was 
i so l a t ed   f rom  g round   and   au tomat i ca l ly   d r iven   a t  the  approx- 
i m a t e   p o k e n t i a l   o f   t h e   c o l l e c t o r   l e a d   b y  a f e e d b a c k   c i r c u i t  
i n  the e l ec t rome te r .  Also it has  been shown tha t   ex t r eme  
care   must  be t a k e n   t o   m a i n t a i n  low v o l t a g e   l e v e l s   i n   t h e  
c o l l e c t o r   c i r c u i t .   S i n c e  the c o l l e c t o r   v o l t a g e  i s  dependent 
on the sca l e   r ange   u sed  on the Ke i th l ey  610 it i s  important  
t h a t  optimum methods of i n s t r u m e n t   s c a l i n g  be used.  For 
the Ke i th l ey  610 o p e r a t e d   i n   t h e   f a s t   p o s i t i o n  on the  0 .01 
v o l t   m u l t i p l i e r   s c a l e ,   d i e l e c t r i c   p o l a r i z a t i o n   e f f e c t s  w e r e  
shown t o  be n e g l i g i b l e   a t   t h e s e   c u r r e n t   l e v e l s .  However, 
e l e c t r i c a l   n o i s e   p r o b l e m s   s u c h   a s   t h o s e   d u e  t o  mechanical 
v ibra t ion   of   conductors   and  power l i n e   n o i s e   o f t e n   p r e v e n t  
t h e  making  of   accurate   current   measurements   below 10 amps . 
h a s  a f u l l   s c a l e   s e n s i t i v i t y   o f  10 -15 amps. It inc reased  
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the e f f e c t i v e n e s s  of t he   e l ec t ron ic   measu remen t s  when it 
became a v a i l a b l e   d u r i n g   t h e   l a t t e r   p a r t  of the  program. 

3 2 RESULTS 

3.2.1 Normal  Maqnetron 

The g a u g e   u s e d   i n   t h e s e   s t u d i e s  was an NRC 552 gauge. 

This  form of the  normal  magnetron i s  o f t e n   r e f e r r e d   t o   a s  
a Redhead  gauge. The gauge  geometry  used i n  the resent 
s t u d i e s  i s  s i m i l a r   t o   t h a t   d e s c r i b e d   b y  Redhead [" and 
l a t e r   b y  F. L. Torney  and F. Feakes17]. I t  has  been e s t ab -  

l ished  that   the   normal   magnetron  gauge  has   an  ion  current  
which i s  a l i n e a r   f u n c t i o n   o f   p r e s s u r e  down t o   a p p r o x i -  

mately 2 x 1 0  -lo t o r r .  Using  an  anode  voltage  of  5000  volts 
and a magnet ic   f ie ld   o f  1000 g a u s s   t h e   c u r r e n t   p r e s s u r e  

r e l a t i o n s h i p  i s  l i n e a r   a c c o r d i n g   t o   t h e   f o l l o w i n g   r e l a t i o n s h i p :  

i = :  + 4.5P 

where i =  + 
P =  

cu r ren t   a t   c a thode   ( amps )  

p r e s s u r e   t o r r   ( n i t r o g e n )  - 

B e l o w  a pressure   o f  2 x 10  -lo t o r r  the r e l a t i o n s h i p  
i s  non-l inear   and  represented  by:  

n 

where k = 3 . 1  x 10  amp/ ( to r r )n  

and n = 1.5  approximately 

5 

Consequently,  above a pressure   o f  2 x 10-l' t o r r ,  a 
l og - log   p lo t   o f   ca thode   cu r ren t   ve r sus   p re s su re   y i e lds  a 
s t r a i g h t  l i n e  w i th  a s lope  of   1 .0 .  Below 2 x 1 0  -lo t o r r  
t h e   p l o t   h a s  a s l o p e  of approximately  1.5. 

The e f f o r t s   i n   t h i s  program  have  been  largely  devoted 
t o  ob ta in ing  more i n f o r m a t i o n   a b o u t   t h e   r e s p o n s e   c h a r a c t e r i s t i c s  

16 



of   the   gauge  b e l o w  2 x 10 -lo torr. C o n s i d e r a b l e   a c t i v i t y  
was a p p l i e d   t o  the measurement   o f   the   e f fec ts  of anode 
vo l t age   and   magne t i c   f i e ld   va r i a t ions   and   de t e rmin ing   t he  
g a u g e   n o i s e   c h a r a c t e r i s t i c s   a t  low p r e s s u r e   l e v e l s .  

3.2.1.1 Resul t s   o f   Cross-Cal ibra t ion   S tudies  of Normal Magnetron 

The p e r t i n e n t   r e s u l t s   o b t a i n e d   i n   t h e   c r o s s - c a l i b r a t i o n  
and  pressure  ra t io   methods  are   summarized  below.  The n i t r o -  
gen   response   charac te r i s t ics   for   the   normal   magnet ron   gauge  
(compared  with  the  modulated  Nottingham  gauge)  for  two  dif-  
f e r en t   magne t i c   f i e lds   (1560   gauss   and  900 g a u s s )   a r e  shown 
i n   F i g u r e  4. The s t r e n g t h  of the   magne t i c   f i e ld   appea r s  
t o   p l a y  a ma jo r   ro l e   i n   t he   p re s su re -cu r ren t   r e sponse   o f  
the  magnetron  gauge  below 10’’ t o r r .  T h e  d a t a   i n d i c a t e  
t h a t   t h e   1 5 6 0   g a u s s   f i e l d   r e d u c e d   t h e   p o i n t   a t   w h i c h   t h e  
i o n   c u r r e n t   c h a r a c t e r i s t i c   c h a n g e s  from a l i n e a r   t o  a power 
func t ion .  When the  gauge was ope ra t ed   w i th  a magnet  of  1560 
gauss  it was n o t   p o s s i b l e   t o   o b t a i n   u s e f u l   d a t a   a t   h i g h e r  
p re s su re   l eve l s   because   o f   excess ive  noise.  Even a t   t h e  
lower   p re s su re   l eve l s   t he   gauge  was much no i se r   t han  when 
o p e r a t e d   a t   l o w e r   m a g n e t i c   f i e l d s .  

The response  curve  for   the  normal   magnetron  gauge  for  
both  hel ium  and  ni t rogen  (again  compared  with  the  modulated 

Nott ingham  gauge)are   given  in   Figure  5 .   There  are   apparent ly  
t h r e e   d i f f e r e n t   s e c t i o n s   t o   t h e   r e s p o n s e   c u r v e s   f o r   b o t h  
gases .   Fur thermore ,   the   s lopes  of the   he l ium  and   n i t rogen  
curves   do   no t   agree   over   the   low  pressure   reg ion  of t h e s e  
c h a r a c t e r i s t i c s .  

The re la t ionships   be tween  ca thode   cur ren t   and   anode  
v o l t a g e  w i t h  cons t an t   magne t i c   f i e ld   and   cons t an t   p re s su re  
a r e  shown i n   F i g u r e   6 .  The upper  curve (2 .5  x 1 0  -lo t o r r )  
shows tha t   be tween  4500 and 7000 v o l t s   t h e   a n o d e   v o l t a g e  
has  little inf luence   on   the   ca thode   cur ren t .  

Curves 1 and 2 show t h a t   a n   i n c r e a s e   i n   a n o d e   p o t e n t i a l  
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r e d u c e s   t h e   c a t h o d e   c u r r e n t   a n d   t h a t   a t   l o w e r   p r e s s u r e s   t h i s  

r e d u c t i o n  i s  more pronounced.  Curves 1 and 2 were taken  
i n   t h e   p r e s s u r e   r e g i o n  of non-linear  response,   while  Curve 
3 was t aken   j u s t   above  the t r a n s i t i o n   p r e s s u r e   i n   t h e   l i n e a r  
response   reg ion .  

Cathode   and   auxi l ia ry   ca thode   cur ren ts  w e r e  bo th  mea- 
s u r e d   a s  a f u n c t i o n   o f   p r e s s u r e .  The r e s u l t s   a r e  shown i n  
F igure  7. It w i l l  be n o t e d   t h a t   t h e   a u x i l i a r y   c a t h o d e   c u r -  
r e n t  i s  a l i n e a r   f u n c t i o n  of p r e s s u r e   i n  the range where 
t h e  main   ca thode   cur ren t   depar t s   f rom  l inear i ty .  Also t h e  
a u x i l i a r y   c a t h o d e   c u r r e n t  i s  only  about  1.5% of t h e  main 
ca thode   cur ren t .  It  i s  appa ren t   f rom  these   da t a   t ha t   t he  
a u x i l i a r y   c a t h o d e   c o l l e c t s   a n   i n s i g n i f i c a n t   f r a c t i o n   o f  
t h e   i o n s   g e n e r a t e d   i n   t h e   g a u g e ,   F u r t h e r ,   t h e r e   a p p e a r s  
t o  be no connec t ion   be tween  the   onse t   o f   the   non- l inear  re- 
sponse  of the main  cathode  and the r e sponse   o f   t he   aux i l i a ry  
cathode. From the   da ta   o f   F igures   4 ,   5 ,   and  6 ,  and  from 
t h e   n o i s e   c h a r a c t e r i s t i c s ,  it i s  concluded   tha t   the   mos t  
desirable   operat ing  parameters   for   the  normal   magnetron  are:  
Magne t i c   f i e ld  be tween 1000 and 1050 gauss,  and  anode 
potent ia l   between  4500  and  5000  vol ts .   Operat ion i n  t h i s  
r e g i o n   n o t   o n l y   g i v e s   l o w e r   n o i s e ,   b u t   a l s o   r e s u l t s   i n   o n l y  
one  change in   t he   s lope   o f   t he   gauge   r e sponse   cu rve .  

3 .2 .1 .2   Resul t s   o f   Pressure   Rat io   S tudies   in  XHV 

Two separa te   exper iments  w e r e  completed  for   an NRC 552 
Redhead  magnetron  gauge  tubulated  onto  the  experimental  
chamber w i t h i n   t h e  XHV system. The gauge was o p e r a t e d   a t  
4500 v o l t s   w i t h  a magnet  of f i e l d   s t r e n g t h   1 0 2 0   g a u s s .  The 
r e s u l t s   a r e   p r e s e n t e d  i n  Figure 8. The s lope  of t h e  re- 
sponse  curve i s  1.44  ' for  magnetron  cathode  currents of less 
t h a n  1 x lo-' amps. For   bo th   exper iments   the   resu l t s   co-  
i nc ided   fo r   magne t ron   ca thode   cu r ren t s   g rea t e r   t han  4 x 10 

amps.  Lower cu r ren t s   cou ld   no t  be obta ined   whi le  the nude 
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ion  gauge  was  operating  even  though  the  magnetron  and  ion 
gauges w e r e  s epa ra t ed   by  a cold ba f f l e .   Ca thode   cu r ren t s  

down t o  9 x LO -I4 amps were r e l a t i v e l y   c o n s i s t e n t   w i t h  the 

higher p r e s s u r e   d a t a  when the  ion  gauge  was  not   operat ing.  

These r e s u l t s   s u g g e s t   t h a t   e v e n  i n  a system wi th   h igh  pump- 

ing   speeds  it 4 s  d i f f i c u l t   t o   e l i m i n a t e  the gas   deso rp t ion  

caused  by  hot   f i lament   ion  gauges so t h a t   v e r y  low  molecular 
d e n s i t i e s  may be obtained.  Although  the  normal  magnetron 

gauge  under t es t  was t u b u l a t e d   t o   t h e   c o p p e r  chamber it was 

no t   i so the rma l  w i t h  it. The gauge  operated a t  175'K whi l e  

the average  copper  chamber  temperature was c o n t r o l l e d   a t  
1 O 0 K .  Consequent ly ,   the  number d e n s i t y  of helium  atoms i n  
the  gauge  volume was less t h a n   t h a t   i n   t h e   e x p e r i m e n t a l  
chamber. The t h e r m a l   t r a n s p i r a t i o n   c o r r e c t i o n   f a c t o r  was 
e q u a l   t o  (10/175)1'2. Making th i s   a l l owance ,   t he   a tom 

number dens i ty   ra t io   be tween  the   "ups t ream"  gauge   and   the  
magnetron  gauge  under t e s t  was  3.1 x 10 . The upper  pres- 
s u r e   s c a l e   i n   F i g u r e  8 (magnetron  "pressure")  was l o c a t e d  
in   acco rdance  w i t h  th is  r a t i o .  The d a t a   s u g g e s t   t h a t   t h e  

c a l i b r a t i o n   p r o c e d u r e  i s  s a t i s f a c t o r y  t.o a t   l e a s t  4 x 1 0  

torr. Values   above   to r r   for   the   "ups t ream"  pressure  
w e r e  no t   u se fu l   because  the gauge  became  non-linear i n   t h i s  

region, 

gauge  below 9 x 10  -I4 amps or   approximately 3 x 10 t o r r  

i s  l a r g e l y  a problem of low current  measurement  techniques.  

E l e c t r i c a l   n o i s e ,   d i e l e c t r i c   a b s o r p t i o n   a n d   l e a k a g e   c u r r e n t s  

a r e   t he   p r inc ipa l   p rob lems .  

5 
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The ex tens ion   o f   t he   u se fu l   r ange  of the  normal  magnetron 
-13 

The inverted  magnetron i s  a p o t e n t i a l l y   u s e f u l   t o t a l  

p re s su re   gauge   fo r  the XHV range.   This   gauge  has   been  descr ibed 

by Hobson and  RedheadL2]. I t  has   the   inverse   geometry  

of  the  normal  magnetron  gauge. I t  r e q u i r e s  a h ighe r  mag- 
n e t i c   f i e l d   a n d   h i g h e r   a n o d e   v o l t a g e s   t o   o p e r a t e   s a t i s f a c t o r i l y ,  

24 



It  i s  known t o  have a non- l inea r ,   p re s su re -cu r ren t   r e sponse  
curve.  This response  curve i s ,  however, a more n e a r l y  
l i nea r   func t . i on   t . han   t ha t  of the  normal   magnetron  in  i t s  
non- l inear   range .   For   th i s   reasonp it was a n t i c i p a t e d   t h a t  
the  inverted  magnetron  might   have a h i g h e r   s e n s i t i v i t y   i n  
t h e  XHV pressulce  ranges  . than  does  the  normal  magnetron. It 
was a l s o   p o s s i b l e   t h a t   t h e   i n v e r t e d   m a g n e t r o n  was less noisy  
than  the  normal   magnetron.   This   factor  i s  of   g rea t   impor t -  
ance   in   measur ing   the  Pow c u r r e n t s   a s s o c i a t e d   w i t h   v e r y  low 
p r e s s u r e s ,  

I n  t h e  c o u r s e   o f   t h i s   p r o g r a m   f i v e   d i f f e r e n t   i n v e r t e d  
magnetron  gauges w e r e  s tud ied .  They w e r e  d e s i g n a t e d   a s  
foLlows: - 

MARK I: This gauge was loaned  by  the  Nation.al  Research 
Counc.il. of Canada, It. was  broken i n   t r a n s i t   a n d   r e q u i r e d  
a weld ing   repa i r  to t h e   g a u g e   s t r u c t u r e .  

MAW 11: This  gauge was a r e b u i l t   v e r s i o n  of MARK I 

us ing  a n e w  base ,  new envelope  and new mounting. 

MARK 111: This  gauge was a completely new gauge  with 
new base ,  n e w  gaGge e l e m e n t s b  new mounting  and new envelope. 
It had a grounded.  platinum  metal   coating on p a r t s   o f   t h e  
i n s i d e  of t.he g lass   enve lope .  

MARK IV: This  gauge was MARK I11 wi th   t he   p l a t inum 
coa t ing  removed. 

MARK V: This  gauge was aga in  a complet .e ly   rebui l t   gauge 
us ing  a new base ,  new envelope, new mountings  and new metal  
p a r t s .  It was f ab r i ca t ed   t o   pe rmi t   r i go rous   chemica l   c l ean -  
ing   o f  a1.1 p a r t s  and vacuum f i r ing .   In   t he   des ign ,   emphas i s  
was g iven  t o  r educ ing   poss ib l e   l eakage   cu r ren t s  from t h e  
anode t o  the cathode. 



3.2.2.1 R e s u l t s  of Cross -Ca l ib ra t ion   S tud ie s  of I n v e r t e d  

Magnetron 

The MARK I inverted  magnetron  was  used w i t h  a .magnet  

o f  1560 gauss  f ield s t r e n g t h  t o  o b t a i n  the da ta  shown i n  

F igure  9 for  n i t rogen .  An e x t r a p o l a t i o n  of the Hobson and 
Redhead d a t a  i s  a l s o  shown on t h i s   g r a p h .  The lower p o r t i o n  

o f   t h i s   c u r v e  shows a change i n   s l o p e   o f   t h e   p r e s s u r e - c u r r e n t  
c h a r a c t e r i s t i c s  - a r e s u l t . w h i c h  was a p p a r e n t l y   p e c u l i a r   t o  
t h i s  par t icu lar   gauge .   La ter   vers ions   o f   the   gauge   d id   no t  

g i v e  a change i n   s l o p e .  Two other   th ings   a re   no tewor thy   con-  
ce rn ing   t hese   da t a .  The s e n s i t i v i t y   o f  the gauge was lower 
and the s l o p e   g r e a t e r   t h a n   r e p o r t e d   b y  Hobson and  Redhead . 
Since   the   anode  was n o t   p e r f e c t l y   c e n t r a l   w i t h i n   t h e  mag- 
ne t ron   cage ,  it was dec ided   t ha t   t he   above   r e su l t s   pe rhaps  
w e r e  no t   typ ica l .   Consequent ly ,  MARK I1 was b u i l t .  

[2 1 

The MARK I1 var i a t ion   o f   t he   gauge  was u s e d   t o   s t u d y  

the a n o d e   v o l t a g e - c a t h o d e   c u r r e n t   c h a r a c t e r i s t i c s   a t  a 
number of   n i t rogen   pressures   be tween 1 x t o r r   a n d  

2 x 10 t o r r .  The r e s u l t s   a r e  shown i n   F i g u r e  10. 

The d i f f e rences   be tween   anode   cha rac t e r i s t i c s   o f   t he  

-11 

normal   magnetron  gauge  and  the  inverted  magnetron  gauge  are  
worthy  of  note.  See Figure 6. The inver ted   magnet ron   d id  

n o t   e x h i b i t  a d e c r e a s e   i n   c a t h o d e   c u r r e n t   a s   t h e   a n o d e   v o l t -  

age was increased  above a c e r t a i n   v a l u e   a t  l o w  p r e s s u r e   a s  

did  the  normal   magnetron.  
F igure  11 i s  a l s o  a p l o t   o f   t h e   i n v e r t e d   m a g n e t r o n   c h a r -  

a c t e r i s t i c s   a n d  shows the   in f luence   o f   anode   vo l tage   on  the 

s e n s i t i v i t y   o f   t h e   g a u g e   a n d  the s lope   o f  i t s  response  char-  

a c t e r i s t i c .   T h e r e  was  no  apparent  change  in the s l o p e  
between 6.0 KV and 3.0 KV. The s e n s i t i v i t y   o f   t h e   g a u g e  
( a t   c o n s t a n t   p r e s s u r e )  d id  n o t   i n c r e a s e   s u b s t a n t i a l l y   f o r  

anode   po ten t ia l s   above  6.OKV. Ths slope of   the   response  
curves  shown i n   F i g u r e  11 a r e   i n  good  agreement  with  data 
shown i n   F i g u r e  10.  The curves  shown i n   F i g u r e  11 a r e   n o t  
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Modulated  Nottingham  Gauge (Torr) 

FIGURE 11 



i n  good  agreement w i t h  publ i shed   da ta  by Hobson  and  Redhead 
who showed a s lope   o f  1.10 for  the p r e s s u r e   c u r r e n t   r e l a t i o n -  
ship a t  6000 vol t s ,  The da ta   o f   F igure  11 a r e  more c l o s e l y  
matched  by a s l o p e   o f  1.20. However, the s e n s i t i v i t y  of this 

gauge was i n  good agreement a t  los8 t o r r  w i t h  the Hobson  and 
Redhead va lue   o f  2.5 amps/torr a t  6 KV. 

[ 2  1 

The response   c f  the MARK I1 inverted  magnetron  gauge 
did n o t   e x h i b i t  a c o n s t a n t   r a t i o   o f   h e l i u m - t o - a i r   s e n s i t i v i t y .  

This e f f e c t   c o u l d  be ve ry   impor t an t   t o   %he  XHV experiments  

on t h e   i n v e r t e d  gaulge a n d   t h e r e f o r e  was examined  during t h i s  

i n v e s t i g a t i o n .   F i g u r e  1 2  shows the   response   curves   for   he l ium 

and  ni t rogen  compared  with the modulated  Nottingham  gauge. 

From t h e  known n . i t rogen   s ens i t i v i ty   and   t he   he l ium  t . o   n i t rogen  
i o n i z a t i o n   e f f i c i e n c y   r a t i o ,   t h e   s e n . s i t i v i t y   o f   t h e   m o d u l a t e d  

Nottingham  gauge  for  helium was  computed t o  be 0,014 amps/torr. 

The measured   s ens i t i v i . t y   o f  the inver ted   magnet ron   for   he l ium 

was then  0.12 amps/torr a t  LO-’ torr, 
A seccmd he l ium  ca l ibra t ion   per formed  approximate ly  two 

months later y i e l d e d   s i m i l a r   r e s u l t s  a s  shown i n   F i g u r e  12 .  

E o t h   t h e   s l o p e   a n d   s e n s i t i v i t y  of the   gauge  had  not   changed 
s u b s t a n t i . a l l y   d u r i n g   t h i s  time al.though the magnet  had  been 
removed  and the   gauge   baked   repea ted ly .  It  appea red   t ha t  

t h s   c h a r a c t e r i s t i c s   o f   t h i s   g a u g e  w e r e  r e p e t i t i v e .  
The MARK 111 and MARK I V  v a r i a t i o n s   o f   t h e   i n v e r t e d  mag- 

netron  gauge were used to o b t a i n   f u r t h e r   d a t a  on t h e   n i t r o -  

g e n   s e n s i t i v i t y  of this type  of   gauge,  The da ta  shown i n  

F iqure  1 3  however,  do net. ag ree   w i th   t he   p rev ious   n i t rogen  
d a t a  shown i n   F i g u r e  1 2 .  The an.ode vol tage  and  magnet ic  
f i e l d  for the   gauge  were ca re fu l : l y  set b e f o r e  the experiments 

and  remained  unchanged,, However the   na tu re   o f   t he   p l a t inum 

coa t ing  on t h e   i n s i d e  of t h e   g l a s s   e n v e l o p e   a f f e c t e d   t h e  

r e s u l t s   c o n s i d e r a b l y   b e c a u s e  of fie1.d  emission  from  t.he  anode 

t o  the coa t ing .  The coa t ing  was o r i g i n a l l y   a p p l i e d   t o   f i x  

the   enve lope   po ten t i a l   o f   t he   gaugz   and  t o  e l e c t r o s t a t i c a l l y  

s h i e l d   t h e   g a u g e ,  Howeverd d u r i n g   t h e   i n i t i a l   s t a r t - u p   t h e  
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d i scha rge   r e fused  t o  " s t r i k e "   a t   p o t e n t i a l s   h i g h e r   t h a n  3800 

v o l t s   a n d  it would a l s o   e x t h g u i s h   i t s e l f  if the  anode  poten- 
t i a l  was r a i sed   above   t h i s   po in t   once   t he   gauge   had   s t a r t ed .  
A s  the a n o d e   p o t e n t i a l  was r a i sed   above  4500 v o l t s ,  a pro- 
nounced f i e l d   e m i s s i o n   c u r r e n t  was o b s e r v e d   i n   t h e   a u x i l i a r y  

c a t h o d e s   a f t e r  the d ischarge   s topped .  A Tesla   spark co i l  
was used t o  reduce the s u s c e p t i b i l i t y  of the  gauge t o  f i e l d  
emiss ion   and   the   gauge   then   opera ted   successfu l ly   up   to  
7000 v o l t s .  

The l e a k a g e   a n d   f i e l d   e m i s s i o n   c u r r e n t s   i n   t h e   i n v e r t e d  
magnetron w e r e  s tud ied   w i thou t .   t he   magne t i c   f i e ld  from 1000 

v o l t s   t o  6000 v o l t s .  A sma l l   neqa t ive   cu r ren t   o f   t he   o rde r  
of  10  amps was observed a t  low voltage  which  reduced  and 
changed   s ign   t o  a p o s i t i v e   c u r r e n t  of approximately 2 x 10  

amperes a s   t h e  anode. v o l t a g e  was inc reased  t o  6000 v o l t s .  
This  was i n t e r p r e t e d  t o  mean t h a t  a l eakage   cu r ren t   ac ross  
the g la s s   base   o f   t he   t ube   p redomina ted   a t  l G w  vol tage  and 
emission  current   predominated a t   h i g h e r   v o l t a g e s .  

-13 
-13  

3.2.2.2 Resul t s   o f   Pressure   Rat io   S tudies  of Inve r t ed  
Magnetron Gauge 

The MAm I V  v a r i a t i o n  of the inverted  magnetron was i n -  
s t a l l e d   i n   t h e  XHV sys.t,em. It was t a b u l a t e d   t o   t h e  t es t  
chamber  and  operated a t  6000 volts w i t h  a magnet   o f   f ie ld  
s t r e n g t h  1925 gauss ,  The r e s u l t s  w e r e  i nconc lus ive ,  A t  

c a thode   cu r ren t s  of Less than  1 0  -11 amps ( t h e  minimum shown 

i n   F i g u r e  11. f o r  the s tudy  of t h e  UHV sys tem)   no ise   increased  
t o  a leve l   which   rendered   e lec t rometer   cur ren t   measurements  
qu i t e   dub ious .  

S ince  it  i s  p o s s i b l e   t h a t   a n   i n t e r m i t t e n t  breakdown 
o f   t he   anode   i n su la t ion  was o c c u r r i n g   i n   t h i s   g a u g e ,  i t s  
o p e r a t i o n  was no t   cons ide red   t yp ica l .  The MARK V gauge  was 
then   f ab r i ca t ed   fo r   t he   r ema inde r   o f   t he   s tud ie s .  

The major  improvements  incorporated  in the new gauge were : -  
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1. N o  h i g h   v o l t a g e  was a p p l i e d  t o  the base  of t h e  

gauge. The genera l   a r rangement  of the gauge i s  shown 

i n   F i g u r e  14. It w i l l  be n o t e d   t h a t  the g l a s s   l e a k -  

age   d i s tance   be tween the anode  and the cathode  was 
i n c r e a s e d   t o   a l m o s t  the whole  length of the  gauge.  

2. Extreme  care was u s e d   i n   f a b r i c a t i n g   t h e   m e t a l  

p a r t s   o f  the g a u g e .   S p e c i a l   a t t e n t i o n  was g i v e n   t o  
p o l i s h i n g   i n   o r d e r   t o   r e d u c e   p o s s i b l e   n o i s e   f r o m   f i e l d  

emission. 

3 .  Special   chemical   c leaning  methods w e r e  used 

t o   c l e a n  both the   envelope   and   meta l   par t s .   This  was 
followed  by vacuum f i r i n g   o f  the m e t a l   p a r t s   o f   t h e  
gauge   us ing   induct ion   hea t ing .  The gauge  elements were 
hea ted   t o   app rox ima te ly  900°C a t  1 x l o m 6  t o r r   f o r  

several   hours .   Higher   temperatures   and  lower  pressures  
could  not  be used   because   o f   excess ive   evapora t ion  

r a t e   o f  the m e t a l   p a r t s .  

Fol lowing   cons t ruc t ion   and   c leaning ,   the   gauge  was given 

a series of   p re l iminary  tests,  bo th  w i t h  and  without   magnet ic  

f i e l d s .   I n   t h e   a b s e n c e   o f  a m a g n e t i c   f i e l d ,   l e a k a g e   c u r r e n t s  

w e r e  found t o  be very l o w  and   l imi ted   by   the   sur face   conduct -  

i v i t y  on the   ex te rna l   r eg ions   o f   t he   gauge .   Wi th   t he   magne t i c  

f i e l d   a p p l i e d   t h e   g a u g e  was opera ted  down t o  5 x torr. 
The g a u g e   s e n s i t i v i t y  was c l o s e  t o  t h a t   p r e v i o u s l y   o b t a i n e d  

wi th   inver ted   magnet rons   under   s imi la r   condi t ions   o f   vo l tage ,  
magnetic f i e ld ,  and   pressure .  

This  gauge was t h e n   i n s t a l l e d   i n   t h e  XHV system. A 

magnet  with a f i e l d   s t r e n g t h   o f  2 1 2 0  gauss  a t  the c e n t e r  of 

the p o l e   f a c e s  was  used  with  the  gauge.  Data were obta ined  
fo r   t h ree   anode   vo l t ages :  4000 v o l t s ,  5000 v o l t s ,   a n d  6000 

vol ts .  The d a t a   f o r  4000 v o l t s   a n d  5000 v o l t s   a r e  shown i n  

F igure  15 . The d a t a   f o r  6000 v o l t s   a r e  shown i n   F i g u r e  16. 
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For t h i s  c a l i b r a t i o n  the r a t i o   o f  the ups t r eam  p re s su re  
t o  the p r e s s u r e   i n  the copper  chamber  was  measured  by  means 

of the nude  modulated  gauge. The r a t i o   o f   t h e   p r e s s u r e s  

( t o r r  N2) was 7.3 x 10 e The average   t empera ture  of the mag- 

ne t ron  volume  during the tes t  was 218OK. The the rma l   t r ans -  

p i r a t i o n   c o r r e c t i o n s   h a v e   b e e n   a p p l i e d   i n   F i g u r e s  15 and 16. 

4 

The Wayne-Kerr  Dynamic Capac i to r   e l ec t rome te r  was used 

t o  m e a s u r e   t h e   i o n   c u r r e n t s   i n   t h i s  tes t .  
However, d u r i n g   t h e  t e s t ,  a pe r iod  of e r r a t i c   a n d   i n c o n -  

s i s t en t   pe r fo rmance  was experienced.  A low r e s i s t a n c e   l e a k a g e  

p a t h   o c c u r r e d   i n   t h e   i o n   c o l l e c t o r   c i r c u i t ,   T h i s  was  removed 

b y   u s i n g   h i g h   v o l t a g e   ( T e s l a )   d i s c h a r g e   t o   t h e   c o l l e c t o r .  
Consis tent   gauge  performance  again  occurred  af ter   the   high 
p o l a r i z a t i o n   c h a r g e s   h a d   b l e d   o f f .   A f t e r   t h e  t es t ,  t h e  
c o l l e c t o r   c i r c u i t  was  thoroughly  checked. The most l i k e l y  

cause   o f   t he   t roub le  was t r a c e d   t o  a s l i g h t   d e p o s i t   w h i c h  
was found t o  have  formed  on a ceramic  passthrough.   This  

passthrough i s  n o t   h e a t e d   t o  the maximum temperatures  used 
during  system  bakeout.  It i s  p o s s i b l e   t h a t   c o n t a m i n a n t s  

c o l l e c t e d  on the   pass through  and   produced   the   in te rmi t ten t  
I' s h o r t  'I 

B e c a u s e   t h e   r e s u l t s  w e r e  no t   conc lus ive  a second XHV 

p r e s s u r e   r a t i o   e x p e r i m e n t  was c a r r i e d   o u t ,  

Both  the Wayne-Kerr and  Kei thley 410 e l e c t r o m e t e r s  were 
used  for   col lector   current   measurement .   Fol lowing  the t e s t ,  
the  gauge  and  magnet w e r e  removed  from t h e  XHV system. The 

magnet  was  found t o  have a f i e l d   s t r e n g t h   o f  1960 g a u s s   a t  

t h e   c e n t e r   o f   t h e   p o l e   f a c e s .  The r e s u l t s   o b t a i n e d   f o r   t h e -  
r u n   a r e  shown i n   F i g u r e s  1 7  and 18. 

I n   g e n e r a l ,   t h i s  model o'f the   inverted  magnetron  had 

pe r fo rmance   cha rac t e r i s t i c s   wh ich  were much s u p e r i o r   t o   t h e  

gauges   t e s t ed   p rev ious ly .  It  had  good s i g n a l   t o   b a c k g r o u n d  

r a t i o s   i n   t h e  10  t o r r   r a n g e ;   b u t   l i k e  the normal  magnetron, 

t h e   s i g n a l   t o   b a c k g r o u n d   r a t i o  became a p p r o x i m a t e l y   u n i t y   a t  

-12 

3 x 10 torr N2' The g a u g e   c o n t i n u e d   t o   o p e r a t e   a t   l o w e r  -13 
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p r e s s u r e s   b u t   s a t i s f a c t o r y   c a l i b r a t i o n   d a t a   c o u l d   n o t  be 
obta ined   because  of n o i s e   a n d   i n s t a b i l i t i e s .  

It w i l l  be no t i ced   t ha t   t he   i nve r t ed   magne t ron  was 
non-l inear  w i t h  a slope of 1 .25   fo r   t he  first c a l i b r a t i o n  
and 1.48 f o r  the second. The s l o p e  was independent   of   the  
anode   vo l tage   bu t   appeared   to  be a s t rong   func t ion  of the 

m a g n e t i c   f i e l d .  The g a u g e   s e n s i t i v i t y   i n c r e a s e d  w i t h  anode 
v o l t a g e  - t h e   s e n s i t i v i t y   b e i n g  more t h a n   p r o p o r t i o n a l   t o  
anode  vol tage.  However, a t   t h e   h i g h e r   a n o d e   v o l t a g e s   t h e  
d a t a   p o i n t s   s c a t t e r  more t h a n   a t  l o w e r  vo l t ages .  It  appeared 
t h a t  the g a u g e   s t a b i l i t y   d e c r e a s e d   a t   c o n d i t i o n s   i n v o l v i n g  
h igh   anode   vo l tages   and   lower   magnet ic   f ie lds .  The i n v e s t i -  
g a t i o n  showed t h a t  the s e n s i t i v i t y   o f   t h e   i n v e r t e d   m a g n e t r o n  
inc reased   a t   h ighe r   anode   vo l t ages   bu t   anode   vo l t age   had  
l i t t l e  o r  no e f f e c t  on the   s lope .  The s l o p e   a p p e a r e d   t o  be 
a s t rong   func t ion   o f   magne t i c   f i e ld .  Gas composition  had 
little o r   n o   e f f e c t  when s e n s i t i v i t i e s   a r e   m e a s u r e d   i n  terms 

o f   t o r r  N2 .  

va r i a t ions   o f   t he   i nve r t ed   magne t ron   des ign   have   been   s tud ied  
both  by  the  gauge  comparison  method  and  the XHV p r e s s u r e   r a t i o  
technique .  The main r e s u l t s   o f   t h e   v a r i o u s  tests a r e  shown 
i n   T a b l e  I. For  comparison  purposes  data  published  by Hob- 
son  and  Redhead [2 a r e   a l s o   i n c l u d e d   i n  the t a b l e .  

Dur ing   the   course   o f   th i s   p rogram some f i v e   d i f f e r e n t  

It  w i l l  be n o t e d   t h a t   t h e r e  i s  a w i d e   v a r i a t i o n   i n   t h e  
g a u g e   s e n s i t i v i t i e s .  A t  comparab le   f i e lds   and   vo l t ages   t he  
da ta   o f  Hobson and  Redhead  extrapolated  to  1 0  -lo t o r r   s u g g e s t  
a s e n s i t i v i t y   o f  1-4 amps/torr. The gauge  comparison  method 
gave  approximately 0.9 amps/torr a t  10''' torr N2 w h i l e   t h e  
p r e s s u r e   r a t i o   t e c h n i q u e   g a v e  0.55  amp/torr. I n   a d d i t i o n ,  
Hobson  and  Redhead  quote a s lope   o f  1.1 a t  2060 gauss  whereas 
t h e   p r e s e n t  work  gave  slopes  between 1 .2  and 1.3. Hobson 
and  Redhead  found t h a t   t h e   s l o p e   d e c r e a s e d   w i t h   i n c r e a s e d  
magnetic f ie ld  a n d   a l s o   t h a t   g a u g e   d e s i g n   c o n s i d e r a b l y  
a f f e c t e d   b o t h   t h e  slope a n d   s e n s i t i v i t y .  It i s  known t h a t  
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TABLE I 

PERFORMANCE  CHARACTERISTICS  OF  VARIOUS INVERTED MAGNETRON GAUGES 

SUMMARY  OF  RESULTS 

SOURCE  OF DATA 
Gauge 

MARK I Cross   Ca l ib ra t ion  

MARK I1 Cross   Ca l ib ra t ion  

MARK H I  C ross   Ca l ib ra t ion  

MARK 911 Gross   Cal ibra t ion  

MARK IV Cross C a l i b r a t i o n  

MARK 67 Pressure   Rat io  

MARK v Pressure   Rat io  

MARK I V  P res su re   Ra t io  

MARK. v Pressure   Rat io  

MARK v P res su re   Ra t io  

MARK 67 Pressu re   Ra t io  

Hobson & Redhead [ 21 

SENSITIVITY 
Amps,/torr* 

0.39 

0.9 

0.8 

0.9 

0.9 

0-55 

0.38 

0.25 

0055 

0.39 

0-25 

1.4 

Slope 

1,88** 

1 , 2 1  

1 . 2 1  

1.20 

1.30 

1.25 

1 . 2 7  

1.27 

1.48 

1.48 

1.48 

1.10 

VOLTAGE 
(Vol t s )  

6000 

6000 

6000 

6000 
6000 

6000 
5000 

4000 

6000 

5000 

4000 

6000 

MAGNETIC! 
FIELD 

(gauss)  

1560 

2160 

2160 

2160 

2160 
2120 

2120 
2120 
1960 

1960 

1960 

2 060 

- 
GAS 

- 
N2 
N 2  
H e  

N2 

N2 
H e  

H e  

He 

He 

H e  

H e  

N2 - 
* Amps/torr N2 measured a t   o r   e x t r a p o l a t e d   t o  1 0  t o r r  N2 .  

** Below 5 x t o r r   t h e   s l o p e  was 1.88; above 5 x it was 1.31 approx. 
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the permanent  magnets  used i n   t h i s  w o r k  gave   cons iderable  
v a r i a t i o n   i n   t h e   m a g n e t i c   f i e l d   s t r e n g t h s   o v e r  the magnetron 
volumes. I f  t h e  f ie ld  used  by Hobson and  Redhead  was more- 
homogeneous it i s  n o t   u n l i k e l y   t h a t  the e f f e c t i v e  f ie ld  

s t r e n g t h  of t h e i r  2060 gauss  magnet  would be cons iderably  
g r e a t e r   t h a n   t h e  2120 and 2160 magnets  used  here.   This may 
e x p l a i n  the l a rge r   s lopes   and   consequen t ly  the lower  sensi-  
t i v i t i e s  observed i n   t h i s   s t u d y .  

3.2.3 Suppressor G r i d  Gauqe 

3.2.3.1 I n t r o d u c t i o n  

Before   d i scuss ing  the r e s u l t s   o f  the s u p p r e s s o r   g r i d  
g a u g e   c a l i b r a t i o n   i n   d e t a i l ,  a brief review w i l l  be given 
of  the p r i n c i p l e   o f   o p e r a t i o n  [ 8  o f   t h e   s u p p r e s s o r   g r i d  
gauge. (See Figure  1 9  f o r  a s c h e m a t i c   i l l u s t r a t i o n   o f   t h e  
gauge  and  of the processes   discussed  below.)  

Electrons  f rom the ca thode   a r e   acce le ra t ed   t oward  the 
g r i d   b y  the ca thode -g r id   po ten t i a l   d i f f e rence .  A c e r t a i n  
f r a c t i o n   o f  the e l e c t r o n s   a r e   i m m e d i a t e l y   c o l l e c t e d   a t   t h e  
g r i d   s u r f a c e .  However, a s u b s t a n t i a l   f r a c t i o n   o f  the elec- 
t r o n   f l u x  from the cathode  passes   through the g r i d   i n t o   t h e  
i o n i z a t i o n  volume i n s i d e  the g r i d   c a g e .   I o n s   a r e   g e n e r a t e d  
i n   t h i s   i o n i z a t i o n  volume  by c o l l i s i o n s   b e t w e e n   t h e   e l e c t r o n s  
and   neu t r a l   gas   a toms   o r   mo lecu le s   i n   t he  volume. These 
i o n s   a r e   e x t r a c t e d  from the i o n i z a t i o n  volume  by the e lec t r ic  
f i e l d   i n   t h i s  volume e s t a b l i s h e d   b y  the p o t e n t i a l   d i f f e r e n c e  
be tween   t he   g r id   cage   and   t he   co l l ec to r   and  collector s h i e l d  
e l e c t r o d e s .  A s u b s t a n t i a l   f r a c t i o n   o f   t h e   i o n s   g e n e r a t e d  
a r e   e x t r a c t e d   a n d   a r r i v e   a t  the collector. The i o n   a r r i v a l  
r a t e   a t  the c o l l e c t o r   c o n s t i t u t e s   t h e   m e a s u r e d   i o n   c u r r e n t .  

Although t h i s  i s  the p r i n c i p a l  mechanism  of  operation 
of the gauge, there are   several   secondary  mechanisms  which 
t end  t o  render  the i n t e r p r e t a t i o n  of the measured   co l lec tor  
current  ambiguous.  The a u x i l i a r y   e l e c t r o d e s   ( s u p p r e s s o r   g r i d  
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and   modu la to r )   a r e   i n t roduced   t o  remove t h i s  ambiguity. The 
suppressor   g r id   gauge  i s  s p e c i f i c a l l y   d e s i g n e d  t o  e l i m i n a t e  
or suppress  the s t r o n g e s t   o r  the most i n t e n s e  of these second- 
a r y  mechanisms, t h a t  is ,  the s o f t  X-ray-induced  secondary 
e l e c t r o n   e m i s s i o n  from t h e   i o n   c o l l e c t o r .  This secondary 

e l e c t r o n   e m i s s i o n   c o n s t i t u t e s  a n e g a t i v e   c u r r e n t   l e a v i n g  the 
ion   co l l ec to r   wh ich  i s  ind i s t ingu i shab le   f rom a p o s i t i v e   i o n  
c u r r e n t   a r r i v i n g   a t  the c o l l e c t o r .   . E l e c t r o n s   l e a v i n g  the 
c a t h o d e   a r e   a c c e l e r a t e d   t o  the g r id  t o   i n c r e a s e  their prob- 
a b i l i t y   o f   g e n e r a t i n g   i o n s   i n   c o l l i s i o n s  w i t h  n e u t r a l   g a s  
a toms  or   molecules   in  the g r id  cage. The a c c e l e r a t e d  
e l e c t r o n s   h a v e   s u f f i c i e n t   e n e r g y   a s   t h e y  s t r ike the s u r f a c e  
o f   t h e   g r i d  (where t h e y   a r e   a l l   c o l l e c t e d   e v e n t u a l l y )   t h a t  
their p r o b a b i l i t y   o f   e j e c t i n g  a s o f t  X-ray  photon i s  enhanced, 
The sof t  X-rays   rad ia te  f r o m  the s u r f a c e  of the g r id  and a 
f r a c t i o n  of them a r r i v e   a t  the s u r f a c e  of the i o n   c o l l e c t o r .  
For the s o f t  X-ray p h o t o n s   s t r i k i n g  the c o l l e c t o r   s u r f a c e  
t h e r e  i s  a c e r t a i n   p r o b a b i l i t y   t h a t   t h e y  w i l l  e ject  secondary 
e l e c t r o n s  f r o m  this s u r f a c e .  These secondary   e l ec t rons   a r e  
then  a c c e l e x a t e d   t o  the g r i d   c o n s t i t u t i n g  a n e g a t i v e   c u r r e n t  
l e a v i n g  the c o l l e c t o r  which is e q u i v a l e n t  t o  a p o s i t i v e   i o n  
c u r r e n t   a r r i v i n g   a t  the col lec tor ,   This   secondary   emiss ion  
c u r r e n t  from the i o n   c o l l e c t o r  therefore renders the inter-  
p r e t a t i o n  of the measured  col lector   current   ambiguous since 
an unknown f r a c t i o n   o f  the t o t a l  measu red   co l l ec to r   cu r ren t  
i s  n o t  due to i o n s   b u t  i s  due t o  secondary  e lectron  emission.  
Thus, the measured   co l l ec to r   cu r ren t  i s  n o t   o n l y   r e l a t e d  t o  
t h e   i o n   p r o d u c t i o n   r a t e   a n d ( t h e r e f o r e  gas  d e n s i t y )   b u t  i s  
a l s o  r e l a t e d  t o  the   p roduc t ion   r a t e   o f   s econda ry   e l ec t rons .  
As the g a s   d e n s i t y  i s  decreased ,  the number of   ions  gener-  
a t e d   d e c r e a s e s   a n d   a t   v e r y  low p r e s s u r e s  the i o n  a r r i v a l  
r a t e   a t   t h e   c o l l e c t o r   c o n s t i t u t e s  a c u r r e n t   t h a t  i s  smal l  
compared t o  the s o f t  X-ray-induced  secondary  electron 
emission  current   f rom the c o l l e c t o r .  The ion   cur ren t ,   which  
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i s  p r o p o r t i o n a l  t o  p r e s s u r e ,  i s  thus  completely  obscured 

by t h e   s e c o n d a r y   e l e c t r o n   e m i s s i o n   c u r r e n t   a s   t h e   p r e s s u r e  

becomes s u f f i c i e n t l y  l o w .  Thus,   pressure  measurement i s  no 
longer  possible. 

A d e s c r i p t i o n  of how t h e   s u p p r e s s o r   g r i d   a c t s   t o  e l i m -  
i n a t e  or suppress   the   secondary   e lec t ron   emiss ion  f r o m  t h e  
collector fol lows.  The secondary   e l ec t ron   emis s ion   cu r ren t  

from t h e   c o l l e c t o r   c a n  be e l imina ted   o r   suppressed   by   p lac-  
i n g  a s u p p r e s s o r   g r i d   a b o v e   t h e   s u r f a c e   o f   t h e   c o l l e c t o r  
and  applying a s u f f i c i e n t l y   h i g h   n e g a t i v e   v o l t a g e   t h a t  a 

r e p u l s i v e   f i e l d   f o r   e l e c t r o n s  i s  c r e a t e d   a t   t h e   s u r f a c e   o f  

t h e   c o l l e c t o r .  The sof t   X-ray-e jec ted   secondary   e lec t rons  
a re   immedia t e ly   r e tu rned  t o  t h e   s u r f a c e  of t h e   c o l l e c t o r  
u n d e r   t h e   a c t i o n   o f   t h e   r e p u l s i v e   f i e l d   g e n e r a t e d   b y   t h e  

suppres so r   g r id .  The t i m e  average   o f   secondary   e lec t ron  

emission  and  subsequent  re-absorption i s  thus   ze ro .  The 

s u p p r e s s o r   g r i d   h a s   t h e r e f o r e   e f f e c t i v e l y   s u p p r e s s e d   t h e  

s o f t  X-ray-induced  secondary  electron  emission  from  the 

i o n   c o l l e c t o r .  
I f   t h e   a c t i o n   d e s c r i b e d   a b o v e  w e r e  t h e   o n l y   e f f e c t  

o f   t h e   s u p p r e s s o r   g r i d ,   t h e   m e a s u r e d   c o l l e c t o r   c u r r e n t  

would cons i s t   o f   i on   cu r ren t   on ly   and   wou ld  be a func t ion  

of   pressure  only.  The suppressor   gr id   gauge  would  then be 
capable  of measuring  very low p res su res .  However, wh i l e  

t he   ac t ion   desc r ibed   above  i s  t h e   p r i n c i p a l   e f f e c t   p r o d u c e d  

by t h e   s u p p r e s s o r   g r i d  it i s  no t  the on ly   e f f ec t .   The re  
i s  a secondary   e f f ec t   r e su l t i ng   f rom  the   ac t ion   o f   t he   sup -  
pressor gr id   which   induces  a new kind   of   secondary   e lec t ron  

cu r ren t :  A s m a l l   f r a c t i o n   o f   t h e   s o f t  X-ray  photons  inci-  

den t  upon t h e   c o l l e c t o r   s u r f a C e   a r e   r e f l e c t e d   a n d  a small  
f r a c t i o n   o f   t h e s e   r e f l e c t e d   p h o t o n s   s t r i k e   t h e   s u p p r e s s o r  
g r i d   a n d  e jec t  secondary   e l ec t rons   wh ich   a r e   acce le ra t ed  

t o ,   a n d   c o l l e c t e d   b y ,   t h e  i o n  c o l l e c t o r .  These secondary 
e l e c t r o n s   a r r i v i n g   a t   t h e   c o l l e c t o r   c o n s t i t u t e  a nega t ive  
cu r ren t   wh ich   sub t r ac t s   f rom  the   i on   cu r ren t   i n   any   measu remen t  
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of t h e   t o t a l  collector c u r r e n t ,  T h i s  new kind  of  secondary 
Emission  current  i s  not   on ly   very  much sma l l e r   t han   t he  
secondary  emission  current  which the suppressor   gr id   sup-  
p r e s s e s p   b u t  it it o p p o s i t e   i n   s i g n .  The n e t   r e s u l t  i s  
t h a t  the suppressor   g r id   gauge   has  a s u b s t a n t i a l l y  l o w e r  
l i m i t  of d e t e c t a b i l i t y   f o r   p r e s s u r e   t h a n  the convent ional  
Bayard-Alpcrt o r  Nottingham  ion  gauges. 

The ambigu i ty   i n   i n t e rp re t a t ion   o f   t he   measu red   co l -  
l ec to r   cu r ren t   caused   by  the secondary  e lectron  emission 
c u r r e n t   f r o m   t h e   s u p p r e s s o r   g r i d   t o   t h e   c o l l e c t o r  may be 

removed  by in t roduc ing  a modulat ion  e lectrode.  The func t ion  

of the   modu la t ion   e l ec t rode  i s  as   fo l lows:  A modulation 
g r i d  i s  p l a c e d   i n s i d e   t h e   g r i d   c a g e   a t   t h e   i o n   e x i t   a p e r t u r e .  
The modulator i s  switched  between  gr id   potent ia l   and  ground po- 
t e n t i a l .  It  has  a n e g l i g i b l e   e f f e c t  on t h e   i o n   t r a j e c t o r i e s  
between t h e   g r i d   c a g e   a n d   t h e   c o l l e c t o r , b u t   w i t h  the  modu- 
l a t o r   a t  g r o u n d   p o t e n t i a 1 , t h e   i o n   c o l l e c t i o n   e f f i c i e n c y  i s  
inc reased ,   and   t hus   fo r   t he  same pressure,   the   measured  ion 
cur ren t .  i s  i n c r e a s e d ,  The modula t ion   gr id   has  a n e g l i g i b l e  
e f f e c t  on the s o f t  X-ray f l u x .  The measurement  of t h e   c o l -  
l e c t o r  a r r e n t  w i t h   t h e   m o d u l a t o r   a t   g r i d   p o t e n t i a l  (I1) and 
t h e n   a t   g r o u n d   p o t e n t i a l  (I2) p r o v i d e s   s u f f i c i e n t   d a t a   t o  
s e p a r a t e   t h e   t o t a l   c o l l e c t o r   c u r r e n t   i n t o  two  components: 
t h e   t r u e   i o n   c u r r e n t  ( i )#  t h a t   p a r t   o f   t h e   c o l l e c t o r   c u r r e n t  
r e l a t e d  t.o pressure ,   and   the   secondary   e lec t ron   emiss ion  
c u r r e n t  (i,), t h a t   p a r t   o f   t h e   c o l l e c t o r   c u r r e n t   r e l a t e d   t o  
the   r e f l ec t ed   so f t   X- ray - induced   s econdary   e l ec t ron   emis s ion  
c u r r e n t   f r o m   t h e   s u p p r e s s o r   g r i d  t o  t h e   c o l l e c t o r .  The t r u e  
i o n   c u r r e n t  i s  then  calculated  f rom  t .he  equat ion [ 3 1  

w h e r e  (a) i s  the  modulat ion  coeff ic ient   determined  experiment-  
a l l y ,   a t   p r e s s u r e s   s u f f i c i e n t l y   h i g h   t h a t   t h e   s o f t   X - r a y - i n d u c e d  
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c u r r e n t  may be n e g l e c t e d ,   a c c o r d i n g   t o   t h e   e q u a t i o n  

The above  modulat ion  procedure  yields  a l i m i t  of detect- 
a b i l i t y   f o r   p r e s s u r e   m e a s u r e m e n t   t h a t  i s  l o w e r   t h a n   t h a t  

a t t a i n e d   w i t h   t h e   s u p p r e s s o r   g r i d   o n l y .  

.3,2.3.2  Results 

The d a t a   r e p o r t e d   h e r e   a r e   t h e   r e s u l t s   o f   e x p e r i m e n t s  

conducted on t h e   l a t e s t   v e r s i o n  of the suppressor   g r id   gauge  
which  has  evolved  from a series of   modif icat ions,   improve-  
ments  and  developments. I n   f a c t ,   t h e   l a t e s t   v e r s i o n   o f  the 

instrument  i s  more a c c u r a t e l y   d e s c r i b e d  a s  a modulated 

suppressor   g r id   gauge .  The cons t ruc t ion   o f  the f i n a l   v e r -  
s ion   of   the   modula ted   suppressor   g r id   gauge  i s  shown i n  
Figures   20,  2l.; 2 2 ,  and  23, 

The suppressor   g r id   gauge   has  been c a l i b r a t e d  from 
-13 a p p r o x i m a t e l y   t o r r   t o  10 t o r r  N2- The c a l i b r a t i o n  

gas  was  helium. The direct   comparison  method was used  from 
loy5 t o r r   t o  10 -lo t o r r   a n d  the p r e s s u r e   r a t i o   t e c h n i q u e  was 

used  from 10"' t o  1 0  to r r .   Da ta  w e r e  ob ta ined   for   ca thode  
emission  currents   of   1 .0   and 10-0 Ma, I n   t h e   l o w e r   p r e s s u r e  

ranges   da ta  w e r e  ob ta ined   fo r   s eve ra l   va lues   o f   suppres so r  

gr id   vo l t . age .  Some modulation  dat,a w e r e  a l s o   o b t a i n e d   a t  

low p res su res .  

-13 

Figure 24 p r e s e n t s  a p l o t   o f   t h e   s u p p r e s s o r   g r i d   g a u g e  

c o l l e c t o r   c u r r e n t   a s  a func t ion   o f   p re s su re   fo r   an   emis s ion  

c u r r e n t   o f  10,O Ma. It  may be o b s e r v e d   t h a t   e v e n   a t  a sup- 

p r e s s o r   g r i d   v o l t a g e  of  -485 vol t s ,   comple te   suppress ion   of  
t h e   s o f t  X-ray-induced  secondary  e lectron  emission  current  

f r o m   t h e   c o l l e c t o r  was not   ach ieved .  From t h e s e   d a t a  it i s  

a l so   c l ea r   t ha t   t he   unsuppres sed   X- ray - induced   r e s idua l   cu r -  
r e n t  i s  approximately  an  order  of  magnitude  higher  than  the 
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FIGURE 2 1 

Suppressor  Grid  Gauge 
Nude  Configuration  (Side  View) 

FIGURE 22  

Suppressor  Grid  Gauge 
(Rear View) 

FIGURE 2 3 
Suppressor  Grid  Gauge  With  Envelope  and  Gold  Seal 
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residual  current o f  a conventional  Eayard-Alpert  or 
Nottingham  ion  gauge.  This  result was acticipated  and  is 
consistent  with  the  large  area  of  the  ion  collector  in 
the  suspressor  grid  gauge. The  fact  that  the  suppressor 
grid  gauge  has a large  unsuppressed  residual  current  in- 
troduces  no  new  problems  since  the  gauge  would  normally 
be used  in  the  suppressed  mode  of  operation,  that  is,  with 
this  direct  soft  X-ray-induced  secondary  electron  emission 
current  from  the  ion  collector  completely  suppressed. 

Figure 25  presents a plot of the  suppressor  grid  gauge 
collector  current as a function  of  pressure  for  an  emission 
cn.rrent of 1.0 Ma. It is  clear  from  the  shape  of  the  curves 
in  Figure  25  that  the  secondary  electron  emission  current 
from the  ion  collector  is  completely  suppressed  at  the  sup- 
pressor  grid  voltage  of -665 volts. In fact,  the  measured 
residual  current at this  suppressor  grid  voltage  was -5.4 
x amp. This  negative  value  for  the  residual  current 
not  only  indicates  that  the  secondary  electron  emission  cur- 
rent  from  the  ion  collector was  completely  suppressed  but 
that  the  residual  current  now  consists of a secondary 
electron  emission  current  from  the  suppressor  grid  to  the 
ion  coll.ector  induced  by  soft  X-rays  reflected  from  the  ion 
collector  to  the  suppressor  grid.  The  data of Figure 25 
indicates  that  the  total  ion  collector  current  passes 
through  the  value  zero  at a pressure  of 2.7 x 10 torr  N2 
for  an  emission  current  of 1.0 Ma.  The  total  collector 
current  is  negative  below  this  pressure  since  the  true  ion 
current,  although  positive, is smaller  in  magnitude  than 
the  negative  secondary  electron  emission  current  from  the 
suppressor  grid  to  the  ion  collector.  However,  these  data 
do  not  imply  that  the  suppressor  grid  gauge  cannot  be  used 
to  measure  pressures  lower  than 2.7 x 10 torr. In fact, 
the  modulation  technique  may  be  used  to  sort  out  the  vari- 
ous  current  components  such  that  lower  pressures  may  be 
measured, 
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Figure 26 g i v e s  the r e s u l t s  of an   exper iment   in   which  

the  modulat ion  technique was  used. The f u l l   c u r v e   g i v e s   t h e  

c a l c u l a t e d   t r u e   i o n   c u r r e n t   a s  a func t ion  of p re s su re   ob ta ined  
from the  modulat ion  equat ions.  The dashed  curves   give the 
t o t a l   c o l l e c t o r   c u r r e n t s   f o r   t h e   m o d u l a t o r   a t   g r i d   p o t e n t i a l  
and a t   c o l l e c t o r   ( g r o u n d )   p o t e n t i a l .  It  i s  apparent  from 
Figure 26 t h a t   p r e s s u r e s   l o w e r   t h a n  10 t o r r  N2 may be 
measured   wi th   the   modula ted   suppressor   g r id   gauge ,  

-12 

The r e s i d u a l   c u r r e n t   o f . t h e   s u p p r e s s o r   g r i d   g a u g e  was 
measu red   fo r   s eve ra l   g r id   vo l t ages  (V ) and   s eve ra l   suppres so r  

g r i d   v o l t a g e s  (V ) .  The i o n   c o l l e c t o r   c u r r e n t   a s  a func t ion  
o f   e l e c t r o n   a c c e l e r a t i o n   v o l t a g e  i s  p r e s e n t e d   i n   F i g u r e  27 

f o r  two  suppressor   g r id   vo l tages .  From the   shape   of   these  

curves  it i s  c l e a r   t h a t   t h e   r e s i d u a l   c u r r e n t  i s  o f   t he  form 

s9 

m 
i = k (Vg - Vk) 
‘r 

w h i c h   i n d i c a t e s   t h a t   t h e   r e s i d u a l   c u r r e n t  i s  secondary elec- 
t ron   emis s ion  from t h e   i o n   c o l l e c t o r   i n d u c e d   b y   s o f t  X-ray 

pho tons   i nc iden t  upon t h e   c o l l e c t o r   w h i c h  w e r e  e j e c t e d  from 

t h e   g r i d   b y   e l e c t r o n  bombardment. From t h e   d a t a   p r e s e n t e d  
i n   F i g u r e  2 7  it may be obse rved   t ha t   app ly ing  -300 v o l t s   t o  

t he   suppres so r   g r id   r educes   t he   r e s idua l   cu r ren t   by   approx-  
irfiately  an  order  of  magnitude. 

Figure 2 8  p r e s e n t s   d a t a  on t h e   r e s i d u a l   c u r r e n t   a s  a 

func t ion   o f   suppres so r   g r id   po ten t i a l .   A l though   no t  shown 
on t h i s   c u r v e ,   t h e   r e s i d u a l   c u r r e n t   a p p r o a c h e s   z e r o  some- 

where between -575 v o l t s   a n d  -665 v o l t s .  The da ta   fo r   an  
emiss ion   cur ren t   o f  1.0 Ma would y i e l d  a c u r r e n t   s i m i l a r  i n  
shape t o   t h a t  shown i n   F i g u r e  2 8  b u t  would be approximately 
one  order   of   magni tude  lower.   For   an  emission  current   of  
1,O Ma t h e   r e s i d u a l   c u r r e n t  i s  -5.4 x 10 -14 amps a t  a sup- 

p r e s s o r   g r i d   p o t e n t i a l   o f  -665 v o l t s .  This l a t t e r   r e s i d u a l  
c u r r e n t  i s  d i f f e r e n t  from t h e   r e s i d u a l   c u r r e n t  shown i n  
Figure 2 8  s i n c e  it i s  a secondary   e l ec t ron   emis s ion   cu r ren t  
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f r o m   t h e   s u p p r e s s o r   g r i d   t o   t h e  collector whereas   the   cur ren t  

p l o t t e d   i n   F i g u r e  2 8  i s  a secondary   e lec t ron   emiss ion   cur ren t  
f r o m   t h e   c o l l e c t o r .  

3 . 2 . 3 - 3  Discuss ion  

I n   p r i n c i p l e ,   t h e   s u p p r e s s o r   g r i d   v o l t a g e   c o u l d  be ad- 
j u s t e d   t o  a va lue   such   tha t   the   secondary   e lec t ron   emiss ion  
from t h e   c o l l e c t o r  i s  no t   comple t e ly   suppres sed ,   bu t   r a the r  
on ly   r educed   t o  a value  which i s  equa l   i n   magn i tude   t o   t he  
s e c o n d a r y   e l e c t r o n   e m i s s i o n   f r o m   t h e   s u p p r e s s o r   g r i d   t o   t h e  
i o n   c o l l e c t o r .   F o r   t h i s   p a r t i c u l a r   v a l u e   o f   s u p p r e s s o r  
g r i d   v o l t a g e   t h e  two  secondary   e lec t ron   emiss ion   cur ren ts  
would be e x a c t l y   e q u a l   b u t   o p p o s i t e  i n  s ign.   Therefore ,  
t h e i r   t o t a l   c o n t r i b u t i o n   t o   t h e   c o l l e c t o r   c u r r e n t  would be 

z e r o .   T h a t   i s ,   u n d e r   t h i s   s p e c i f i c   c o n d i t i o n   t h e   s u p p r e s s o r  
g r id   gauge   ou tpu t   cu r ren t   ( co l l ec to r   cu r ren t )   wou ld  be only 
a funct ion  of   pressure.   While  it i s  p o s s i b l e  i n  p r i n c i p l e  
t o  spec i fy   t he   exac t   va lue   o f   suppres so r   g r id   vo l t aqe   wh ich  
r e d u c e s   t h e   t o t a l   r e s i d u a l   c u r r e n t   t o   z e r o ,  it i s  no t  con- 
s i d e r e d   p r a c t i c a l   s i n c e   v e r y   s l i g h t   c h a n g e s   i n   t h e   l o c a t i o n  
of the suppres so r   g r id   wou ld   i nduce   subs t an t i a l   changes   i n  
t h e   r e p u l s i v e  e l ec t r i c  f i e l d   a b o v e   t h e   c o l l e c t o r   s u r f a c e .  
This  would i n   t u r n   i n d u c e   s u b s t a n t i a l   c h a n g e s  i n  t h e   f r a c t i o n  
o f   t he   s econda ry   e l ec t ron   emis s ion   f rom  the   co l l ec to r   t ha t  
i s  r e f l ec t ed   by   t he   suppres so r   g r id .   S l igh t   changes   i n   t he  
l o c a t i o n   o f   t h e   s u p p r e s s o r   g r i d   a r e   t o  be expec ted   a s  a re- 
s u l t   o f   h i g h   t e m p e r a t u r e   d e g a s s i n g   r e q u i r e d   t o   c l e a n   t h e  
gauge.   Under   these  condi t ions a new s u p p r e s s o r   g r i d   v o l t a g e  
must be determined  which  would  again make t h e  two  secondary 
e l ec t ron   emis s ion   cu r ren t s   equa l ,   Th i s   de t e rmina t ion   mus t  
be done  experimental ly  a t   v e r y  low, known pressures .   Thus,  
this mode of   suppressor   g r id   gauge   opera t ion  i s  not  con- 
s i d e r e d   p r a c t i c a l .  

It i s  cons idered  much more p r a c t i c a l  t o  completely 
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suppress the secondary   emis s ion   cu r ren t   f rom  the   co l l ec to r  
and   apply   the   modula t ion   technique   to   the   secondary   e lec t ron  
emiss ion   cu r ren t   f rom  the   suppres so r  g r id  t o  the i o n   c o l l e c t o r .  

The l i m i t  of d e t e c t a b i l i t y   f o r   p r e s s u r e   o f  the modulated 
suppressor  g r id  gauge i s  n o t   a c c u r a t e l y  known s i n c e  the curves 
of F igu re  2 6  a re   based   on  a sma l l  number o f   da t a   po in t s .  
However, i f  no new anomal i e s   a r e   encoun te red   a t   l ower   p re s su res  
and a s a t i s f a c t o r y   s i g n a l   t o   n o i s e   r a t i o   c a n  be achieved,  i t  
i s  e s t i m a t e d   t h a t  the l i m i t  o f   d e t e c t a b i l i t y   f o r   p r e s s u r e  
may approach 10 -14 t o r r  N 2 ,  based on the p r e s e n t   s t a t e - o f -  
t he -a r t   i n   sma l l   cu r ren t   measu remen t   t echn iques .  

3.2.4 Nude Nottinqham Gauqe 

Dur ing   the   course  of the   p resent   p rogram,  a nude modu- 
l a t e d   i o n   g a u g e   p l a y e d   a n   e s s e n t i a l   r o l e   i n   t h e   p r e s s u r e -  
r a t i o   t e c h n i q u e   f o r   g a u g e   c a l i b r a t i o n   i n   t h e  XHV system. 
The gauge  was  mounted  inside the exper imenta l  chamber of t h e  
XHV. I t  had   t he  same gauge   e lement   s t ruc ture   (except   for  
t h e   m o d u l a t i n g   e l e c t r o d e )   a n d   t h e  same opera t ing   parameters  
as   the   ups t ream  gauge  (See sect ion  3 .1 .21,   Consequent ly ,  
by   ope ra t ing  the two  gauges a t   i d e n t i c a l   e m i s s i o n   c u r r e n t s ,  
t h e   p r e s s u r e   r a t i o   a c r o s s  the c a p i l l a r y ,   t h a t   i s ,  the r a t i o  
between  the  upstream  gauge  and  the  nude  gauge  in   the  experi-  
mental  chamber,  was  equal t o  the r a t i o  .ion c u r r e n t s   o f   t h e  
two  gauges.   However ,   s ince  the  nude  gauge  operated  in   the 
range  of t o  10 -I1 t o r r ,  it was e s s e n t i a l   t h a t   t h e  
res idua l   cur ren t   (X-ray)  of the   gauge  be known a c c u r a t e l y .  
The method  used  was  essent ia l ly  the same a s   t h a t   d e s c r i b e d  
by  Redhead [ I .  A modula t ing   e lec t rode  was  mounted w i t h i n  
the g r i d   s t r u c t u r e  of a nude  Nottingham  gauge  which  had  the 
f o l l o w i n g   c h a r a c t e r i s t i c   d i m e n s i o n s : -   g r i d ,  2 7  mm d iameter ,  
39 mm l o n g   ( c l o s e d   e n d s ) ;   o u t e r  g r id  o r   s h i e l d ,  38 mm 
diameter ,   46 mm long;  modulator 0.51 mm diameter ,   loc .a ted 
about  0.3 mm from g r i d ;  c o l l e c t o r  0.13 mm d iameter .  
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When the gauge  was  operated a t  3.0 Ma emiss ion ,   the  

s e n s i t i v i t y  was 0.1 amp/torr N 2' A g r i d   v o l t a g e   o f  148 

vo l t s  was used: the f i l a m e n t   b i a s  was 36 v o l t s .  
When the modulator i s  a t   g r i d   p o t e n t i a l  ( V  ) the t o t a l  g 

c o l l e c t o r   c u r r e n t  i s  given  by 
g 

where i = p o s i t i v e  
i = r e s i d u a l  r 

When the  modulator 

(1 - a) o f   t h e   p o s i t i v e  

The r e s u l t i n g   c o l l e c t o r  

C 
i o n   c u r r e n t  

c u r r e n t  

i s  a t  g round   po ten t i a l  a f r a c t i o n  

i o n s   a r e   c o l l e c t e d   a t   t h e   m o d u l a t o r .  
c u r r e n t  is: 

These equat ions  may be so lved   s imul taneous ly   to   ob ta in  

bo th  a and i ,  and  hence  values of ic. A convenient  method 
of d o i n g   t h i s  is t o   s u b t r a c t   t h e   a b o v e   e q u a t i o n   a n d   s o l v e  

for ic so t h a t  

This   value  of  i c  may then  be s u b s t i t u t e d   i n   t h e   f i r s t  

equation,  which on r ea r r ang ing   g ives  

Consequently, a l i n e a r   p l o t   o f  ( I ) ~  tv ver sus  (I ) v -v - (1) 
m g   m g  

shou ld   y i e ld  a s t r a i g h t   l i n e   w i t h  a s lope  Of - a and  an 

i n t e r c e p t   o f  i r- 
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Typica l  p lo ts  of the   above   equa t ion   a r e  shown i n   F i g u r e s  
29   and   30 .   Reasonab le   l i nea r   r e su l t s   a r e   ob ta ined  t o  sup- 
port  the genera l   p rocedure .  A t  3.0 Ma emission  where  the 
g a u g e   s e n s i t i v i t y  i s  0.10 amp/torr N2 the r e s i d u a l   c u r r e n t  
was  found t o  be 1.4 x 10 amps o r  1.4 x 10 -I1 t o r r  N ~ .  -12 

A t  6.0 Ma emission the r e s i d u a l   c u r r e n t  was  found t o  be 

3.2 x 10 amps. It w i l l  a l s o  be no ted   t ha t   t he   modu la t ion  
f ac to r   va r i ed   f rom 0.57 a t  3.0 Ma t o  0.52 a t  6,O Ma. Accord- 
i n g  t o  t h e   t h e o r y   p r e s e n t e d . b y  Redhead [ I ,  a should  remain 
c o n s t a n t   w i t h   v a r i a t i o n s   i n   t h e   e m i s s i o n   c u r r e n t   a n d   t h e  
va lue   o f  ir should be p r o p o r t i o n a l   t o   t h e   e m i s s i o n   c u r r e n t .  
The above   da ta   agree   wi th   these   requi rements   wi th in  a prox- 
imate ly  12%. However, r ecen t ly   Appe l t  [ and Hobson 
have  examined  the  modulation  procedure  in more d e t a i l  and 
i n  g e n e r a l   t h e   e v i d e n c e   s u g g e s t s   t h a t  a s ing le   modula t ing  
parameter   as   p resented   above  i s  perhaps   an   overs impl i f ica t ion  
o f  the overa l l   p rocess .   Never the less ,   the   above   procedure  
a p p e a r s   t o   y i e l d   c o n s i s t e n t   r e s u l t s   a t   a n y   o n e   s e t t i n g   o f  
t he   emis s ion   cu r ren t  down t o   i o n   c u r r e n t s   e q u a l   t o   a b o u t  
50% of the r e s i d u a l   c u r r e n t .   T h a t  i s  for   3 .0  Ma emission 
the   modula ted   nude   gauge   has   g iven   cons tan t   resu l t s  down 
t o  approximately 7 x 10 t o r r .  

r en t s   be low lo-' t o r r  w i t h  such a gauge it i s  impera t ive  
t h a t  the r e s i d u a l   c u r r e n t  be smal l   and   accura te ly  known. 
Th i s   r equ i r e s   no t   on ly  a procedure   for   measur ing   the   res idua l  
c u r r e n t ,   b u t   a l s o   t h e   r e q u i r e m e n t   t h a t  the gauge be c lean .  
Vigorous   e lec t ron  bombardment  (250 Ma a t  500 v o l t s )   a t  low 
p r e s s u r e s  (lo-' torr and   lower)   for   severa l   hours  was  gen- 
e r a l l y   a d e q u a t e   t o   o b t a i n  low r e s i d u a l   c u r r e n t s .  Redhead 
h a s   a l s o  shown tha t   the   modula t ion   method i s  u s e f u l   i n  
d e t e c t i n g  the presence   o f   anomalous   res idua l   ion   cur ren ts .  
Redhead ["I and   A lpe r t   [ I2   have   i n t e rp re t ed  this e f f e c t   a s  
an   oxygen   ion   desorp t ion   cur ren t   f rom  the   g r id .  These 
a d s o r b e d   g a s e s   a r e   a l s o   d e s o r b e d   a s   n e u t r a l s  which aga in  

-12 

L o  I .  

-12 

I n   o r d e r   t o   o b t a i n   a c c u r a t e   m e a s u r e m e n t s   o f   i o n   c u r -  

[I1 1 
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I 

i n d i c a t e d   g a u g e   p r e s s u r e s   l a r g e r   t h a n   t r u e   s y s t e m   p r e s s u r e s .  

The modulat ion  technique  then i s  u s e f u l ,   n o t   o n l y   i n   e v a l -  
u a t i n g   t h e   t r u e  X-ray-induced  secondary  electron  emission 

f r o m  t h e   c o l l e c t o r ,   b u t  also i n   d e t e c t i n g   a d s o r b e d   g a s e s ,  

such  as  oxygen,  which  manifest   themselves  through  anomalous 
r e s i d u a l   c u r r e n t s .   T h u s ,   i n   o r d e r   t o   u s e  a h o t   f i l a m e n t  
gauge   w i th   conf idence   t o   measu re   p re s su res   i n   t he  UHV range, 

it i s  r e q u i r e d   t h a t   t h e   t o t a l   r e s i d u a l   c u r r e n t   e q u a l   t h e  
X-ray r e s i d u a l   c u r r e n t .  However, t hese   p rocedures   a r e   no t  
w i t h o u t   p r a c t i c a l   d i f f i c u l t i e s .  An important  requirement 

i s  t h a t   t h e   g a u g e   n e v e r  be exposed t o   l i k e l y   c o n t a m i n a n t s  
a n d   t h a t   h i g h  pumping speeds be ava i l ab le   du r ing   t he   ou t -  
gass ing   procedures .  A nude  gauge  inside a c ryogen ica l ly  

pumped system i s  one  method  of  exposing  the  gauge  elements 
t o   h i g h  pumping s p e e d s   t o   f a c i l i t a t e   d e g a s s i n g .   I n   p r a c t i -  
ca l   sys t ems   where   poss ib i l i t i e s   o f   con tamina t ion  may n o t  

always be e l imina ted ,  it may not  always be p o s s i b l e   t o  
guarantee  low res idua l   cur ren ts .   Hence ,   the   measurement  

o f   p re s su re  i n  t h e  1 0  to r r   r ange   by   t he   modu la t ion  

procedure may not  always be f e a s i b l e .  

-12 

3 , 2 , 5  Feas ib i l i t y   o f   N i t roqen   Ca l ib ra t ions   Us inq   P res su re  
~~ 

Ratio  Technique i n  XHV 

I n   p r e v i o u s  work  on  gauge c a l i b r a t i o n  i n  t h e  XHV system 

by   t he   p re s su re   r a t io   me thod ,   he l ium  gas   has  been used  ex- 

c l u s i v e l y ,  It h a s   b e e n   e s t a b l i s h e d   t h a t   a t  l O o K  and   t he  

p re s su res   i nvo lved ,   t he  amount of helium  adsorbed i s  so  small  
t ha t   p re s su re   changes  w i l l  n o t   i n t r o d u c e   p r e s s u r e   r a t i o   e r r o r s  

by   caus ing   s ign i f i can t   amoun t s   o f   he l ium  to  be adsorbed   or  
desorbed  f rom  the  wal ls   of   the   experimental   chamber .  However, 

it would be a t t r a c t i v e   i f   t h e  XHV system  could be used   for  
ca l ibra t ion   of   gauges   us ing   gases   o ther   than   he l ium.   Ni t rogen  
and/or   argon  cal ibrat ions  would be u s e f u l .   I n   o r d e r   t o   u s e  
t h e   p r e s s u r e   r a t i o   t e c h n i q u e   f o r   n i t r o g e n   f o r   i n s t a n c e ,  it 
would be necessa ry   t o   deve lop   background   p re s su res   i n   t he  
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system  several  orders of magnitude  below  the  desired  minimum 
calibration  temperature. In addition  it  would be necessary 
to establish  these  pressures at temperature  levels  where 
significant  adsorption  of  nitrogen  would  not  interfere  with 
the  pressure-ratio  method.  Operation of the  system  at l O o K  

under  these  circumstances  is  not  feasible  because  nitrogen 
would be cryopumped  with  high  efficiency.  The  temperature 
must be in  excess  of 77OK,  probably of  the  order  of 8 5 ' K .  

An experiment was conducted  to  determine  the  practica- 
bility  of  using  nitrogen  as a calibration  gas  in  the XHV 
range.  The XHV system was operated  with  the  experimental 
chamber  at a number of  temperatures  in  the  region  of 80 'K.  

The  background  pressures  established  are  shown  in  Figure 31. 
The  inverted  magnetron  which  had  been  previously  calibrated 
in  the XHV system  was  used  for  pressure  measurement.  The 
data  showed  that at the  temperatures  required  for  nitrogen 
calibration ( 8 5 ' K ) ,  background  pressures  were  approximately 
1 x 10 -lo torr N2. Consequently,  the  pressure  ratio  tech- 
nique  would  only be practical  down  to  values  of  approxi- 
mately 1 x  torr  for  nitrogen. 

Much  lower  calibration  pressures  would  be  feasible  for  neon 
and  hydrogen.  However,  the  interest  in  these  gases  is  not 
as  high  as for  nitrogen  and  helium  and  no  experimental 
measurements  were  made  with  them. 
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4 0 DIRECTIONALITY STUDIES 

The  main o b j e c t i v e   o f  this s e c t i o n   o f  the program was 
t o   d e t e r m i n e  the s e n s i t i v i t y   d e p e n d e n c e   o f  a gauge  on  the 
f lux   inc idence   angle .   For  this work a nude  modulated N o t -  

tingham  ion  gauge  was  mounted i n  a beam of   argon  a toms  in  
such a way t h a t  the gauge  could be ro t a t ed   t h rough  90 de- 

g rees   wh i l e   ma in ta in ing  the c e n t e r  of the gauge i n  the 
cen te r  of the beam. A schematic  diagram  of  the  experimental  
arrangement i s  shown i n   F i g u r e  32. 

Argon gas  was a l lowed  to   f low  f rom the "upstream"  sys- 

t e m  a t  a p r e s s u r e  of approximate ly   to r r   th rough a 

cap i l l a ry   i n to   t he   expe r imen ta l   chamber .  The chamber  was 
maintained a t  9 2l0K. A t  t h i s  tempera ture ,   the   wal l s   o f  
the experimental  chamber  cryopumped the argon w i t h  a h igh  
c a p t u r e   p r o b a b i l i t y .  The nude  modulated  ion  gauge was 
mounted d i r e c t l y  on t h e   a x i s   o f  the beam oppos i t e   t he   ou t -  
l e t  of the c a p i l l a r y   a t  a known d i s t a n c e  from it. A capi l -  
l a r y  was  used  because,   according  to  beam theory  [ I 3 ] ,  t h e  
i n t e n s i t y  of the molecular  beam on the a x i s  of the c a p i l l a r y  
i s  n o t  less than   t he   i n t ens i ty   wh ich   wou ld  be obta ined   wi th  
a n   o r i f i c e   h a v i n g  the same d i a m e t e r   a s   t h e   c a p i l l a r y .  The 
i n t e n s i t y  may be c a l c u l a t e d  from beam t h e o r y   f o r  a sensor  
l o c a t e d   b o t h  on t h e   n o r m a l   t o   p l a n e   o f   t h e   o r i f i c e   a n d   a t  
v a r i o u s   a n g l e s   t o  it. However, f o r  a c a p i l l a r y ,   t h e   i n t e n -  
s i t y   a t   a n   a n g l e   t o  the a x i s  i s  less t h a n   t h a t   f o r   a n  
o r i f i c e   a n d ,   i n   g e n e r a l ,   t h e   v a l u e  i s  n o t   e a s i l y   p r e d i c t e d  
by  theory.   Clausing [ 14], however ,   has   ca lcu la ted  the 
i n t e n s i t y   d i s t r i b u t i o n   f o r  a l e n g t h   t o   d i a m e t e r   r a t i o   o f  
one. The advantage  of   using a c a p i l l a r y  i s  t h a t  the t o t a l  
amount  of g a s  w h i c h  must be cryopumped i s  reduced   over   tha t  
for  an   o r i f i ce .   Fo r  the present   work ,  t w o  c a p i l l a r y   s i z e s  
w e r e  u sed .   In  the p re l imina ry  beam s t u d i e s   t h e   c a p i l l a r y  
was 4.0 c m  long  by 0.25 c m  d i a m e t e r .   I n  the d i r e c t i o n a l i t y  
measurements the c a p i l l a r y  was  0.25 c m  long  and  0.25 c m  
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diameter .   Hence ,   for   the   l a t te r   work ,   Claus ing  ' s  c a l c u l a t i o n s  

could be u s e d   t o   d e t e r m i n e   t h e   v a r i a t i o n   o f  beam i n t e n s i t y  
over the   gauge   s t ruc tu re .   Fo r   t he   gauge   and  beam dimensions 
u s e d d   C l a u s i n g ' s   d a t a   i n d i c a t e s   t h a t  the i n t e n s i t y  would be 
4% lower a t  the top  and  bot tom  of  the gauge  than a t   t h e  
c e n t e r .  Over t h e   a r e a  of the gauge the decrease  would be 
approximately 2%. 

Both t h e  nude  'modulated  gauge i n   t h e  beam and  the  up- 
stream  gauge were ope ra t ed   w i th   emis s ion   cu r ren t s   o f  3 Ma. 
A t  t h e s e   c u r r e n t s  the g a u g e   s e n s i t i v i t i e s   a r e  100 Ma/torr 
N 2 0  For t h i s   r e a s o n   t h e   a r g o n   p r e s s u r e s   a r e   m o s t   e a s i l y  
e x p r e s s e d   i n  terms o f   t o r r   n i t r o g e n .  The r a t i o   o f   t h e   a r g o n  

t o   n i t r o g e n   s e n s i t i v i t y   f o r  th is  type  of  gauge i s  approxi- 
mately 1 . 2 .  The temperature   of   the   argon beam was between 
110 and 1 2 0 ' K .  A t  these t empera tu res ,   t he  RMS v e l o c i t y   o f  
the argon i s  approximately 260 m/sec. 

4 .1  RESULTS 

The r e s u l t s  of the ef fec t   o f   changing  the a n g l e   a t  
which  the  gauge was  mounted i n  the atomic beam a r e  shown 
i n   T a b l e s   I I a n d  111. It  w i l l  be noted   tha t   gauge   ou tput   s ig-  
n a l   i n c r e a s e d   a s  the angle   between  the beam a n d   t h e   a x i s  
of the  gauge  decreased.  The amount of the i n c r e a s e  was 
g rea t e s t   be tween  3 0  and 15 degrees  (See Figure  3 3  ) .  The 
magnitude  of the i n c r e a s e  was approximately 24% o v e r   t h a t  
when the beam passed  through  the  gauge a t   r i g h t   a n g l e s   t o  
the g r i d   a x i s .  

The cause of t h e   i n c r e a s e d   s i g n a l  was b a c k   s c a t t e r i n g  
o f   a toms   f rom  the   s t ruc tu re   u sed   t o   ho ld  the nude  gauge, 
T h i s   s t r u c t u r e  was a f l a n g e ,  3 3/4 i nches   i n   d i ame te r   and  
l o c a t e d   a t   r i g h t   a n g l e s   t o   t h e   g r i d   a x i s ,  2 inches  f rom  the 
cen te r   o f  the gr id .  The geometry   involved   ind ica tes   tha t  
a s  the gauge  was r o t a t e d  some back  scat ter ing  would  occur  
even, a t  .75 degrees .  It w o u l d   g r a d u a l l y   i n c r e a s e   a t   h i g h  



EFFECT  OF BESM ANGLE ON SENSITIVITY OF NUDE I O N  GAUGE 

(INLET PRESSURE GAUGE READING 8.9 x TORR) 

* Angle between beam and   ax i s  of g r i d   c y l i n d e r  of gauge. 

** S e n s i t i v i t y  of Nude Gauge 0-1 amp/torr N . The re- 
s i d u a l   c u r r e n t  of 1.3 x 10-12 amps a s  degermined by 
the modulation  technique  have been s u b t r a c t e d   t o  give 
the  above resul ts .  



EFFECT OF BEAM  ANGLE ON SENSITIVITY O F  NUDE I O N  GAUGE 

(INLET PRESSURE GAUGE READING 7 - 5  x TORR) 
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* Angle b e t w e e n  beam and a x i s  of g r id  cy l inder  of gauge. 
Sens i t i v i ty  of Nude Gauge 0.1 amp/torr N2. 
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angles   but   bet .ween 30 and 15 d e g r e e s   i n c r e a s e   r a p i d l y   t o  

a lmos t   t he  maximum - va lue  of b a c k   s c a t t e r i n g .  Assuming t h a t  
b a c k   s c a t t e r i n g  f r o m  the   gauge   mount ing   s t ruc ture   fo l lows  
a c o s i n e   l a w   d i s t r i b u t i o n ,  it h a s   b e e n   e s t i m a t e d   t h a t   t h e  
maximum i n c r e a s e   i n   s i g n a l   s h o u l d  be 21%. This ag rees  w e l l  
w i t h   t h e   v a l u e  of 24% found  experimentally.  These r e s u l t s  
s u g g e s t   t h a t   t h e   o u t p u t   f r o m  a gauge i s  only  dependent  on 
t h e  number d e n s i t y   w i t h i n  the g r i d  volume. I f  the  gauge 
w e r e  supported so a s   t o   e l i m i n a t e   b a c k   s c a t t e r i n g ,  it would 
appear   t .hen  that   the   gauge  output   would be independent of 

o r i e n t a t . i o n   w i t h i n  a beam. 

- 

I n   t h e   c o u r s e  of the   above   s tud ie s ,   d i r ec t   measu re -  
ments of t h e  beam i n t e n s i t i e s   i n   t h e   a b s e n c e   o f   b a c k   s c a t -  
t e r i n g  w e r e  made (normal  incidence)  These may be compared 
w i t h   t h e   i n t e n s i t i e s   e x p e c t e d  on t h e   b a s i s   o f  beam theory .  
Typ ica l .   r e su l t s   a r e   p re sen ted  i n  Table I V .  I n   g e n e r a l ,   t h e  
beam i n t e n s i t i e s  measured i n  Tests 1 through 4 w e r e  c l o s e r  
t o  t h e o r e t i c a l   t h a n   i n  Tests 5 through 8 i n  which  the  measured 
sens i t i v i t i e s   ave raged   approx ima te ly  20% lower  than  the 
t h e o r e t i c a l   v a l u e s .   I n   a n a l y z i n g   t h e   d a t a ,   s e v e r a l   p e r t i n e n t  
f a c t s   s h o u l d  be cons idered ,  First ,  the   a rgon   gas  was fed 
t o   t h e  beam c a p i l l a r y  by  means  of a 1 /2  inch  i n  diameter 
s t a i n l e s s  s tee l  t u b e  approximately 4 f ee t   l ong .   Th i s   t ube  
was not   isothermal .   Consequent ly ,  it was n e c e s s a r y   t o  
e s t i m a t e   t h e  number d e n s i t y   a t   t h e  beam capi l la ry   by   apply-  
i n g  a t h e r m a l   t r a n s p i r a t i o n   c o r r e c t i o n   t o   t h e   m e a s u r e d  
number d e n s i t y   ( p r e s s u r e )   a t   t h e   i n l e t   e n d  of t h e  1 /2  inch  
tub ing .  This c o r r e c t i o n   h a s   b e e n   a p p l i e d   t o   d a t a  i n  Table I U .  

S e c o n d l y ,   i n   o r d e r   t o   a c c u r a t e l y   c a l c u l a t e   t h e   t h e o r e t -  
i c a l  beam i n t e n s i t y ,   t h e   t e m p e r a t u r e  of t h e   e n c l o s u r e  
( fu rnace )   i n   wh ich  the beam o r i g i n a t e s   s h o u l d  be known 
a c c u r a t e l y ,   S i n c e   t h e  1/2 i nch   t ub ing  was not   i so thermal ,  
the beam temperature  i s  not   def ined.   For  the purpose of 

t h e   c a l c u l a t i o n   r e q u i r e d   i n   T a b l e  Iv, t h e  beam temperature  
was  assumed t o  be t h e   t e m p e r a t u r e   a t   t h e   i n l e t   c a p i l l a r y .  
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E E S T  

I *  
1 3  

1 4  

1 7  

1 8  

Tests 1 
Tests 5 

TABLE IV 

COMPARISON OF THEORETICAL AND EXPERIMENTAL 

WALUES OF ARGON BE24M I N T E N S I T I E S  

UPSTREAM GAUGE BIBM "PRESSURE!' TEMPERATURE 
READING THEORETICAL IWASURED  AT BEAM I N L E T  

t o r r  N2 t o r r  N2 t o r r  N2 OK 

1.3 x 

3.2 x 2.69 x 115 7.5 x 

7.5 x 

3.2 x 2.78 x 115 7.5 x 

2.46 x 10 115 8.9 x 

2.1 x - 2.7 x 112 7.3 x 

2.1 x 2.6 x 112 7.4 x 

3.3 x 10 112 1.05 x 

3.9 x 10 112 -10 3.7 x 10 

3.0 x 10 

-10 

-10 - 1-0- 
" 

-10 3.8 X 10 -10 

- -.- 

115 3.2 x 2.63 x 

through 4 w i t h   c a p i l l a r y  40 cm long x 0.25 cm diameter.  
through .8 w i t h   c a p i l l a r y  0.25 c m  long x 0.25 c m  diameter.  



I n   f a c t , t h e  beam temperature  would  have  been somewhat g r e a t e r  
than  this e 

Thirdly,   an  ion  gauge was used  to   measure  the  "upstream" 
p r e s s u r e ,  The gauge was no t   ca ' l i b ra t ed   fo r   a rgon   and   i n  
a d d i t i o n ,  it i s  known tha t   t he   t ype   o f   gauge   u sed  becomes 
non-l inear  a t  a gauge  reading  of  about  Consequently,  
a t   t h e   h i g h e r   p r e s s u r e  levels the   quo ted   va lues   a r e   p robab ly  
l o w ,  The n o n - l i n e a r   c h a r a c t e r i s t i c s   o f  t.he "upstream"  gauge 
p r o b a b l y   a c c o u n t   f o r   t h e   l a c k   o f   d i r e c t   p r o p o r t i o n a l i t y  be- 
tween  t h e  beam a n d   t h e   f u r n a c e   " p r e s s u r e "   a s   i n d i c a t e d   b y  
the  upstream  gauge.  

It  i s  a l s o   p o s s i b l e   t h a t   a t   t h e   h i g h e r   p r e s s u r e s ,   d e -  

p a r t u r e s  from theore t ica l   per formance  w e r e  caused  by  adsorpt ion 

e f f e c t s   a n d   t h e  u s e  of p r e s s u r e s  i n  excess   o f   those   requi red  
fo r   t rue   mo lecu la r   f l ow  r e l a t ionsh ip ,  

N e v e r t h e l e s s ,   d e s p i t e   t h e   a b o v e   u n c e r t a i n t i e s ,   t h e  
measured beam i n t e n s i t i e s  w e r e  c l o s e   t o   t h e o r e t i c a l .  

4 .2  mASUREMENT OF BACKGROUND INTENSITIES DURING ARGON 

BEAM STUDIES 

Three  main sets of  experiments w e r e  c a r r i e d   o u t   w i t h  
a rgon   beaming   bu t   i n   each   ca se   expe r imen ta l   d i f f i cu l t i e s  
p reven ted   t he  making  of d i r e c t  measurements   of   the   s ignal  
t o  background  ra t io .  

I n   t h e   f i r s t  se t  of  experiments,   the  gauge  for  measur- 
ing  t .he  beam i n t e n s i t y   o p e r a t e d   s a t i s f a c t o r i l y   b u t   t h e  
background  gauge   was   incor rec t ly   loca ted .   In   the   second 
series of tests, a ca l ib ra t ed   gauge  was used   to   measure  
background  in tens i t ies   dur ing   beaming  bu t  the nude  gauge 
i n   t h e  beam f a i l e d   d u r i n g   o u t g a s s i n g   i m m e d i a t e l y   p r i o r   t o  
making i n t e n s i t y   m e a s u r e m e n t s .   I n   t h e   t h i r d  t es t  t h e  nude 
beam gauge  operated w e l l  b u t  a new background  gauge  fa i led 
t o  measu re   l ow  p re s su res   s a t i s f ac to r i ly .  However, d e s p i t e  
t h e s e   d i f f i c u l t i e s  good e s t i m a t e s   o f   t h e   s i g n a l   t o   b a c k g r o u n d  
r a t i o s   s h o u l d  be provided  by  comparison  of   the  three sets of 
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resu.lts because   i n   each  series t h e   c a p i l l a r y   d i a m e t e r  was 
not  changed  and the upstream  pressure  gauge  readings w e r e  
maintained a t  comparable   levels .  And, i n   g e n e r a l ,   t h e  beam 
i n t e n s i t i e s  w e r e  shown t o  be reproducible   and  roughly  propor-  
t i o n a l   t o   t h e   r e a d i n g   o f   t h e  i n l e t  pressure  gauge.  With a 
beam i n t e n s i t y   ( c a l c u l a t e d  from the   ups t r eam  p re s su re )  of 

1 . 9  x los9 t o r r  N2# the   background  pressure  was less than  
2 x 1 0   t o r r  N2" Under t h e s e   c o n d i t i o n s   t h e   s i g n a l  t o  
background r a t i o  was g r e a t e r   t h a n  9 - 5  x LO T h e s e   r e s u l t s  

w e r e  ob ta ined   wi th   the   nude   gauge   opera t ing   a t   3 .0  Ma emission. 

.-13 

3 

However, c a r e   h a d   t o  be e x e r c i s e d   i n   n o t   o p e r a t i n g   t h e  

hot   f i l ament   nude   gauge   for   excess ive   per iods   o f  t i m e  a long 

w i t h  h igh  beam i n t e n s i t i e s .  It a p p e a r e d   t h a t   s i g n i f i c a n t  
thermal   desorp t ion   of   a rgon   occur red  when those   a reas   which  

had  previously  adsorbed  argon were exposed t o  the thermal  

l o a d  from t h e  nude  gauge.   But   these  effects  were n o t  c r i t -  
i c a l ,  For i n s t a n c e ,   i n  the above   quoted   s igna l   to   background 
r a t i o   o f  9.5 x 1 0  the   gauge   had   been   opera t ing   for   s ix   minutes .  

I n  order t o  maint.ain l o w  background  values the follow- 

3 

i n g   p r e c a u t i o n s  w e r e  adopted: 

1. The hot   f i l ament   gauge   in   t .he  beam was  oper- 

a t e d   i n t e r m i t t e n t l y .  

2 .  The s u r f a c e   u s e d   t o  cryopump t h e  beam was i n  
good  thermal   contact  w i t h  the r e f r i g e r a t i n g  medium and 

was not   unduly   exposed   to   the   hea%  load   of   the   gauge .  

3 .  The beam was co l l ima ted   and   ba f f l ed  so t h a t  
s ign i f i can t   amoun t s  of g a s   o u t s i d e   t h e   u s e f u l  beam 

w e r e  no t  cryopumped  by regions  exposed t o  thermal  

r a d i a t i o n  from the  gauge.  

4 .  The beam was o p e r a t e d   o n l y   a s   r e q u i r e d   i n  

o r d e r   t o   d e c r e a s e  the t o t a l  amount of gas  cryopumped. 



5-0 DYNAMIC RESPONSE OF I O N  GAUGE 

5 e 1 INTRODUCTION 

The ques t ion   has   been   f r equen t ly   r a i sed :  What a r e   t h e  
dynamic   r e sponse   cha rac t e r i s t i c s  of an  ion  gauge? In con- 
vent ional   f requency  response  terminology this ques t ion  may 
be thought   of   as   fol lows:  Over  what  frequency  range of 

s i n L s o i d a l   p r e s s u r e   v a r i a t i o n  i s  the ou tpu t  of an  ion  gauge 
f l a t  or  independent  of  frequency? The measurement  of  the 
dynamic   response   charac te r i s t ics   o f   an   ion   gauge   involves  
s e v e r a l   s p e c i a l i z e d   p r o b l e m s   r e q u i r i n g   r a t h e r   s p e c i a l i z e d  
experimental   methods  which  depart   f rom  the  convent ional   f re-  
quency  response  techniques,  I t  i s  on ly   poss ib l e   t o   conduc t  
a convent ional   f requency  response t es t  on an  ion  gauge i f  

s i n u s o i d a l   d e n s i t y   v a r i a t i o n s   c a n  be i n t r o d u c e d   d i r e c t l y  
i n t o   t h e   g r i d   c a g e   o f   t h e   i o n   g a u g e ,  T h i s  r e q u i r e s   t h a t  

a d i f f u s e   g a s   s o u r c e  be p l a c e d   i n s i d e  the gr id   cage   and  
the gauge be surrounded  with a pump having  unlimited  speed. 
The a p p a r a t u s   r e q u i r e d   w o u l d   a l t e r   t h e   p o t e n t i a l   d i s t r i -  
b u t i o n   i n s i d e  the g r i d   c a g e   i n  a complex  manner,  This 
method  was the re fo re   r e j ec t ed .   Ano the r  method  considered 
was t o  p l ace   t he   i on   gauge   i n  a sinusoidally-chopped  atomic 
beam and t o  surround the gauge w i t h  a pump having  an  unl imited 
speed,  The chopping  frequency  would  then be var ied   and   the  
amplitude  of  the  gauge  response  measured a s  a func t ion   of  
chopping  frequency-  Although  the pumping requirements  can 
be reasonably w e l l  s a t i s f i e d   f o r   c e r t a i n   g a s e s   b y  cryopump- 
i n g   a t   v e r y  l o w  t e m p e r a t u r e s ,   t h e r e   a r e   s e v e r a l   s e r i o u s  
problems  encountered i n  this technique.  A rough  es t imate  
of t .he   speed   of   response   o f   an   ion   gauge   ind ica tes   tha t   no  
a t t e n u a t . i o n   i n   r e s p o n s e  w i l l  be o b s e r v e d   u n t i l  the chopping 
frequency  approaches 10  c/s. Thus, a c r i t i c a l  tes t  o f   t he  
ion  gauge  dynamic  response  requires  a v e r y   h i g h   r o t a t i o n a l  
v e l o c i t y   o f  the  chopper. The sha f t   suppor t   bea r ings   and  

6 
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d r i v e  motor of  a high-speed  chopper   are  somewhat incompatible  
w i t h   u l t r a h i g h  vacuum cond i t ions .  The most ser ious  problem 

cdncerns the i n t r i n s i c   p r o p e r t i e s  of the chopped beam.  The 
chopped beam gas   source  i s  a Maxwel l i an   gas ,   t hus ,   i n   each  
packet  of atoms i n  the chopped beam there i s  a wide distri- 
b u t i o n   o f   v e l o c i t i e s .  A t  h igh  chopping  f requencies  this 

v e l o c i t y   d i s t r i b u t i o n   t e n d s   t o  smear the   a tomic   packe t   and  
ad jacent   a tomic   packe ts   in   the   chopped beam soon  overlap 

u n l e s s   t h e   t o t a l   l e n g t h   o f   t h e  beam i s  ve ry   sho r t .   Th i s  

requires t h a t   t h e  beam de tec to r   ( i on   gauge )  be very  near  
the  chopper.   This  problem  can be re so lved   w i th   mu l t ip l e  

chopp ing   o r   ve loc i ty   s e l ec t ion   bu t  the appa ra tus  i s  compli- 

ca ted   and   no t  w e l l  s u i t e d   t o   t h i s   a p p l i c a t i o n ,  
Rather   than   cons ider   the   dynamic   response   charac te r i s -  

t i c s  of   an  ion  gauge  in  terms of   convent ional   f requency 
response   t echniques ,  it is  probably more  meaningful i n   t h e  
usua l   i on   gauge   app l i ca t ion   t o   measu re  the t i m e  cons t an t  of 
t he   i n s t rumen t ,  The t i m e  cons t an t  i s  t h e  t i m e  the  gauge 

requires   to   respond  to   the  gauge.   Accurate   dynamic  measure-  
ments may be made i f   t h e  time in t e rva l   ove r   wh ich   t he   p re s su re  

v a r i a t i o n   o c c u r s  i s  l a r g e  compared  with  the  gauge t i m e  con- 
s t a n t .  An experiment was conceived  which  would a t   l e a s t   p u t  

an  upper l i m i t  on the   ion   gauge  t i m e  cons tan t ,   That  i s ,  from 
t h e   r e s u l t s   o f   t h e   e x p e r i m e n t  it should be p o s s i b l e  t o  con- 

c l u d e   t h a t   t h e   i o n   g a u g e  t i m e  cons t an t  i s  less than  a c e r t a i n  

va 1.ue 0 

The experiment i s  a dynamic  desorpt ion  experiment   in  
which a s h o r t r   s t e e p  rise, g a s   p u l s e  i s  ob ta ined   by   f l a sh  

deso rp t ion   o f  a g a s  from a pu l se   hea t ed ,   co ld   f i l amen t   on to  

which  has   been  previously  adsorbed a specific g a s .   I f   t h e  

c ryogenic   t empera ture   o f   the   f i l ament  i s  n o t   f a r  from t h e  

normal b o i l i n g   t e m p e r a t u r e   o f   t h e   g a s   t o  be used ,   t he   gas  

may be a lmost   comple te ly   desorbed   f rom  the   f i l ament   in  a few 

microseconds. The d e s o r p t i o n   r e q u i r e s  a very  small  amount 

of   energy.  



A convenient   choice   o f   c ryogenic   t empera ture   for   the  
f i l amen t   du r ing   adso rp t ion  i s  77OK. A t  t h i s  temperature  
argon i s  a n a t u r a l   c h o i c e   o f   g a s   s i n c e  it i s  e a s i l y   a d s o r b e d  
a t   r e l a t i v e l y  high coverage  on a 77OK f i lament .  Argon i s  
a l s o  a p a r t i c u l a r l y   s u i t a b l e   g a s  for study  of  gauges. ,   being 
i n e r t   a n d   h a v i n g   a n   i o n i z a t i o n   p r o b a b i l i t y   r a t h e r   l i k e   n i t r o -  
gen .   Neg l ig ib l e   adso rp t ion   o f   a rgon   occu r s   a t  room tempera- 
t u r e  so t h a t  the exper imenta l   appara tus  may be maintained 
q u i t e   g a s - f r e e   e x c e p t   f o r  the co ld ,   f l a sh   deso rp t ion   f i l amen t .  

5 2 APPARATUS 

The exper imenta l   appara tus   for  t h e  ion  gauge  dynamic 
response  experiment   consis ted  of  a Nottingham  ion  gauge  and 
a f l a s h   d e s o r p t i o n   f i l a m e n t  i n  a metal   envelope-  The de- 

s o r p t i o n   f i l a m e n t  was  welded t o  heavy  mounting  posts  which 
passed  through the bottom  of a l i qu id   n i t rogen   dewar .  The 
dewar  was  mounted  on the   gauge   envelope   wi th   meta l   sea led  
f l anges .  The l e n g t h   o f   t h e   d e s o r p t i o n   f i l a m e n t   s u p p o r t  
p o s t s  was s u c h   t h a t  the f i l a m e n t   p o s i t i o n  was 1 - 5  c m  from 
the g r i d   c a g e   a n d   p a r a l l e l   t o   t h e   g r i d   c a g e   a x i s .  The f i l -  

ament  was 10 microns  diameter  and 2 c m  long ,  A 95% t r a n s -  
pa ren t ,   g rounded , tungs t en   g r id  was p laced  between t h e  
desorp t ion   f i l ament   and  the g r i d   c a g e   t o   s h i e l d  the gauge 
from the d e s o r p t i o n   f i l a m e n t   e l e c t r i c a l   f i r i n g   p u l s e   a n d  
t o   p r e v e n t   e l e c t r o n s  from the gauge  f i lament   f rom  reaching 
t h e   d e s o r p t i o n   f i l a m e n t   d u r i n g   f i r i n g ,  The suppor t   pos t s  
passed  up  through the l iqu id   n i t rogen   and   ou t   o f   t he  dewar 
t o  the f i l a m e n t   p u l s i n g   c i r c u i t   s e c u r e d   t o  the o u t s i d e  of 

the dewar. An al l -metal ,  UHV, c o n t r o l l e d   l e a k   v a l v e  was 
welded  int .0 the metal   gauge  envelope t o   p r o v i d e   f o r   b a c k -  

f i l l i n g   t h e   e n v e l o p e   w i t h   a r g o n ,  The complete  assembly  was 

s e c u r e d   t o   a n   u l t r a h i g h  vacuum system  through  an  a l l -metal  
v a l v e   s u c h   t h a t  the exper imenta l   appara tus   could  be i s o l a t e d  
from t h e  vacuum sys tem  dur ing   back- f i l l ing  w i t h  argon 
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(See  Figure 34 ) .  The p u l s i n g   c i r c u i t   f o r   t h e   f l a s h  desorp- 

t i o n   f i l a m e n t   c o n s i s t e d   o f  a capac i tor   connec ted   in  series 
w i t h   t h e   f i l a m e n t   . l e a d s   b y  a r e l a y  which was energized  by a 
m a n u a l l y   o p e r a t e d   a u x i l i a r y   c i r c u i t .  The h e a t i n g   p u l s e  t i m e  
i n t e r v a l   a n d  the t o t a l   e n e r g y   i n   t h e   h e a t i n g   p u l s e  may be 

va r i ed   i ndependen t ly   by   va ry ing   t he   capac i t ance   and   t he  
charg ing   vo l tage .  The time i n t e r v a l   o f   t h e   h e a t i n g   p u l s e  

i s  de te rmined   by   t he   i n s t an taneous   decay   r a t e   o f   t he  RC c i r -  
cui.t.  which  even  though  non-linear, i s  a func t ion   of   the   p ro-  
d u c t   o f   t h e   i n s t a n t a n e o u s   f i l a m e n t   r e s i s t a n c e   a n d   t h e  
capaeit .ance.  The t o t a l   e n e r g y   i n   t h e   h e a t i n g   p u l s e  i s  a 

func t ion   of   the   p roduct   o f   the   squared   charg ing   vo l tage   and  
the   capac i t ance .  The c a p a c i t o r  was  charged  by  momentarily 

switching it i n t o   a n   a u x i l i a r y   c i r c u i t   c o n t a i n i n g  a b a t t e r y  
of  known v o l t a g e   i m m e d i a t e l y   p r i o r   t o   p u l s i n g   t h e   f l a s h   d e -  
so rp t ion   f i l amen t .  One o f   t he   r e l ay   con tac t s   wh ich   c losed  
t h e   d e s o r p t i o n   f i l a m e n t - c a p a c i t o r   c i r c u i t  was  used i n  another  

a u x i l i a r y   c i r c u i t   t o   p r o v i d e  a t r i g g e r   p u l s e   t o   s t a r t   t h e  
scope  sweep  c i rcui t .  The scope   input   could  be connected 

e i t h e r   a c r o s s   t h e   d e s o r p t i o n   f i l a m e n t   t o   m e a s u r e   t h e  time 
h i s t o r y   o f   t h e   v o l t a g e   a p p e a r i n g   a c r o s s   t h e   f i l a m e n t  or 
d i r e c t l y   t o   t h e   i o n   g a u g e   c o l l e c t o r   t o   m e a s u r e   t h e  time 
h i s t o r y  of t h e   g a u g e   o u t p u t   i o n   c u r r e n t   r e s u l t i n g  from 

f l a sh ing   t he   adso rbed   a rgon   o f f   t he   deso rp t ion   f i l amen t .  

The DC scope  had  an  input  impedance  of 1 meg and a band- 

width of 2,O Mc/s. See Figure  35 f o r  the c i r c u i t   s c h e m a t i c .  

5.3 PROCEDURE 

The argon  leak  system was evacuated  and  purged  several  

times and   the   l eak   va lve   then   c losed .  The appa ra tus  was 
pumped down and  degassed. The Nottingham  gauge was degassed 

b y   e l e c t r o n  bombardment a t  12OOOC. The f l a s h   d e s o r p t i o n  
f i l amen t  was h e a t e d   b y   d i r e c t   c u r r e n t   t o  220OOC for   degass-  
ing.  The envelope was i n d u c t i o n   h e a t e d   t o  550OC. A f t e r  
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degass ing   t he   p re s su re   d ropped   t o  6 x 1 0   t o r r  N~ a s  
dete.rm.ined  by the Nottingham  gauge  operating a t   s t a n d a r d  
vo. l tages   and  emission  current .  

The i n t e g r a l   l i q u i d   n i t r o g e n  dewar  was f i l l e d   a n d  
s u f f i c i e n t  t i m e  al lowed for the d e s o r p t i o n   f i l a m e n t   t o  
cool to 77'Ko The temperature  of the f i l amen t  was de- 
termined  by  measuring i ts  r e s i s t a n c e ,  A f t e r  the f i l amen t  
had  cooled t o  77 'K with   the   remainder   o f   the   appara tus  a t  
300°K and  the   ion   gauge   opera t ing ,   the   va lve   be tween  the  
UT3V system  and  the  apparatus  was closed  and  the  gauge  envelope 
b a c k - f i l l e d  t o  t o r r  N2 with  argon.  The l eak   va lve  
was then   c losed  ar,d the  gauge  envelope  evacuated  by  opening 
the va lve  t o  t h e  UHV system. A s  soon a s  the  system  had 
pumped the   a rgon   f rom  t .he   gauge   enc losure ,   the   capac i tor  
was  charged  and  the  desorpt ion  f i lament   pulsed.  

The t i m e  h i s t o r y  of   the   vo l tage   appear ing   across   the  
d e s o r p t i o n   f i l a m e n t   d u r i n g   a p p l i c a t i o n  of t h e   c u r r e n t   p u l s e  
was d i sp layed  on the scope  and  the  t race  photographed.  The 
above  procedure  was  repeated  several  times t o  a s s u r e   t h a t  
t h e r e  were no v a r i a t i o n s  i n  the  measured  parameters ,   After  
t5e f i l amen t   vo l t age  t i m e  h i s t o r y   a n d   t h e   c a p a c i t o r   d i s c h a r g e  
pe r iod  w e r e  measured,  the  above  procedure was repea ted   wi th  
t h e   i o n   g a u g e   c o l l e c t o r   c u r r e n t   d i s p l a y e d   d i r e c t l y  on t h e  
scope  and  t .he   t race was Photographed. This was repea ted  
s e v e r a l  times for   each  of   several   scope  sweep  speeds so a s  
t o   d e f i n e   a c c u r a t e l y   t h e   l e a d i n g   e d g e  of t h e   c o l l e c t o r   c u r -  
r e n t   p u l s e   a n d   a l s o   t o   o b t a i n   d a t a  on t h e  maximum amplitude 
and the t . o t a l   d u r a t i o n   o f   t h e   c o l l e c , t o r   c u r r e n t   p u l s e .  

The en t i r e   expe r imen t  was r e p e a t e d   f o r   d i f f e r e n t   v a l u e s  
o f   e n e r g y   s t o r e d   i n   t h e   c a p a c i t o r   a n d   f o r   d i f f e r e n t   c a p a c i t o r  
decay  per iods.  



5.4 RESULTS 

The m e a s u r e d   r e s u l t s   f o r   v a r i o u s   p u l s i n g   c a p a c i t o r s   a n d  
cha rg ing   vo l t ages   u sed   i n  this.series of   exper iments   a re  
ve ry   s imi l a r ,   showing   no   deg rada t ion   i n   r e sponse   o f   t he   i on  
gauge a s   s h o r t e r   p u l s i n g   p e r i o d s  w e r e  a p p l i e d   t o   t h e  desorp- 
t i o n   f i l a m e n t .  However, the s h o r t e s t   p u l s i n g   p e r i o d   p r o v i d e d  
t h e   m o s t   c r i t i c a l  t es t  of   the  dynamic  response  of   the  gauge.  

S ince   even   t he   sho r t e s t   pu l se   u sed   d id   no t   exceed   t he   f l a t  
r e sponse   r ange   o f   t he   gauge ,   on ly   t hese   r e su l t s  w i l l  be 

p r e s e n t e d   i n   d e t a i l   a n d   l a t e r   d i s c u s s e d   i n   d e t a i l .  

The measu red   du ra t ion   o f   t he   cu r ren t   pu l se   t h rough   t he  

deso rp t ion   f i l amen t  was 7 microseconds. From the  measured 

vo l t age  time h i s t o r y   a c r o s s   t h e   d e s o r p t i o n   f i l a m e n t   d u r i n g  
the   hea t ing   cur ren t   pu lse   and   f rom  the  known h e a t   c a p a c i t y  

a n d   r e s i s t i v i t y   o f   t u n g s t e n ,   t h e   f i n a l   t e m p e r a t u r e   o f   t h e  

deso rp t ion   f i l amen t  was c a l c u l a t e d   t o  be 194OK occurr ing ,  

of   course,  a t  7 microseconds. From iso therm  da ta  on  adsorbed 
argon it i s  known t h a t  little of   the  adsorbed  argon on t h e  

f i l amen t  w i l l  be desorbed   before   the   t empera ture   reaches  

approximately 90°K. The f i l amen t   r eached   t h i s   t empera tu re  
in  approximately  0.5  microsecond. 

The time a t  w h i c h   t h e   t r a c e   o f   t h e   i o n   c u r r e n t   f i r s t  
began t o  show a p o s i t i v e   s l o p e  was 60 microseconds   a f te r  
the  begin.ning  of the cu r ren t   pu l se .   Tha t  i s  t h e   f i r s t  

i n d i c a t i o n   a t   t h e   g a u g e   o u t p u t ,   o f   t h e   t r a n s i e n t   g a s   p u l s e  
desorbed  f rom  the  f i lament ,   appeared 53 mic roseconds   a f t e r  

the   f i l ament   had   reached  i t s  f i n a l   t e m p e r a t u r e ,  The maxi- 
mum gauge   ou tput   cur ren t   appeared   a t  500 mic roseconds   a f t e r  

t he   beg inn ing  of t h e   h e a t i n g   p u l s e   a n d   t h e   c o l l e c t o r   c u r r e n t  
had   r e tu rned   t o  i t s  i n i t i a l   v a l u e   ( b e f o r e   d e s o r p t i o n )   a t  

9.5 msec a f t e r   t h e   b e g i n n i n g   o f   t h e   h e a t i n g   c u r r e n t   p u l s e .  
The maximum v a l u e   o f   t h e   c o l l e c t o r   c u r r e n t   ( a t  500 micro- 

seconds)  corresponded t o  a p re s su re   o f  2 x lo-* t o r r  N2' 
See Figure 3 6  fo r   r ep roduc t ions   o f   t he   i on   cu r ren t  t i m e  

h i s t o r y   a t   t h r e e   d i f f e r e n t  sweep  speeds. 
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I n i t i a l  R i s e  of D e s o r p t i o n  
O r d i n a t e :  5 x Amp/cm 
A b s c i s s a :  1 0  ysec/cm 

b )  Peak of D e s o r p t i o n  P u l s e  
O r d i n a t e :  5 x Amp/cm 
A b s c i s s a :  100 Fsec/cm 

c )   C o m p l e t e   D e s o r p t i o n  P u l s e  
O r d i n a t e :  1 x Amp/cm 
A b s c i s s a :  1 m s e c / c m  

Pu l se  

FIGURE 36 ION  COLLECTOR  CURRENT-TIME  HISTORIES 
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5 5 DISCUSSION 

I n   t h e   f o l l o w i n g   d i s c u s s i o n   t h e   a b o v e  measl ured da ta  \ v i 1 1  
be in te rpre ted   and   compared   wi th   ca lcu la ted   da ta .  The first,  
and  perhaps the most s i g n i f i c a n t ,   q u e s t i o n   t o  be answered i s  
what i s  t h e  minimum pe r iod   o f  t i m e  be tween  the   en t rance   o f  
a gas   a tom  in to   the   g r id   cage   and   the   appearance   o f   an   ion  
a t   t h e   c o l l e c t o r .  It should be remembered t h a t   g a s   a t o m s  
a t   o r d i n a r y   t e m p e r a t u r e s   t r a v e l   v e r y  much slower on t h e  

ave rage   t han   i ons   i n   on ly   modes t  e lectr ic  f i e l d s .   T h u s ,   t h e  
s h o r t e s t   t r a n s i t  t i m e  be tween   g r id   and   co l l ec to r  w i l l  occur 
i f   t h e  slow  moving  atom i s  ionized   immedia te ly   as  it passes  
th rough   t he   g r id   and  i s  subsequen t ly   acce le ra t ed   by   t he  

e lec t r ic  f i e l d  t o  t h e   i o n   c o l l e c t o r .  It i s  here   assumed  tha t  
t h e   i o n  i s  c r e a t e d  w i t h  n e a r l y   z e r o   i n i t i a l   v e l o c i t y .  Under 

t h e s e   c o n d i t i o n s   t h e   i o n   t r a j e c t o r y  i s  def ined  by 

L 
C 

where r = r a d i a l   d i s t a n c e  from t h e   c e n t e r   o f   t h e  

c o l l e c t o r   t o   t h e   i o n ,  

- i o n   c h a r g e   t o  mass r a t i o ,  " 
e 
m 

V = g r i d   v o l t a g e   ( t a k i n g   t h e   c o l l e c t o r   v o l t a g e  
g 

a t   z e r o )  
r 
- = r a t i o   o f   g r i d   r a d i u s   t o   c o l l e c t o r   r a d i u s .  r 

This equa t ion  may be s o l v e d   f o r   t h e  t i m e  a n   i o n   r e q u i r e s  

g 
C 

t o  t r a v e l  from a p o i n t   n e a r  the g r i d  t o  the c o l l e c t o r .  The 
e x a c t   r e s u l t  i s  r a t h e r  cumbersome b u t  i s  closely  approximated 

Using t h i s   e q u a t i o n  the minimum t i m e  of   response  has   been 



c a l c u l a t e d   f o r  the gauge  and  gas   used  in  these experiments.  
The c a l c u l a t e d   r e s u l t  i s  

where d is tance   be tween  desorp t ion   f i l ament  
and the g r i d ,  
mean temperature  of the gas  atoms 
l eav ing  the f i l a m e n t   ( t a k e n   t o   b e ' t h e  
same a s   t h e   f i l a m e n t   t e m p e r a t u r e ) ,  

Boltzmann  constant,  

mass  of  the  argon  atom. 

T h i s   g i v e s   t h e   s h o r t e s t   t r a n s i t  time (on the ave rage )   fo r  
a rgon   a toms  to   t raverse   the   d i s tance   f rom the deso rp t ion  
f i l amen t  t o  t h e   g r i d .  I t  may be observed  that   even  though 
some argon  atoms l e f t  the fi lament  about  6.5  microseconds 
be fo re   t he   f i l amen t   r eached  a temperature  of 194'K, t hey  
a r r i v e   l a t e r   t h a n   t h e   a t o m s   l e a v i n g   a t  maximum temperature ,  
r equ i r ing   abou t  66 microseconds t o  make t h e   t r i p .  R e m e m b e r -  

i n g   t h a t  the t i m e  t o   r e a c h  maximum f i lament   t empera ture ,  
the h e a t i n g   p e r i o d  ( T ~ )  was 

T~ = 7 psec ,  

i s  now p o s s i b l e   t o   c a l c u l a t e   t h e  t i m e  a t  which a s i g n a l  
should  have  appeared a t  the i o n   c o l l e c t o r  i f  no o ther   de lay  
p e r i o d s   a r e   i n v o l v e d   i n  the gauge i t s e l f .  This  minimum 
pe r iod  ( T  ) i s  simply the sum of a l l  the above  periods.  min 

From the above   ca l cu la t ed   da t a  



while the agreement i s  closer than   the   exper imenta l   accuracy  

would  support ,  it d o e s   i m p l y   t h a t   t h e r e   a r e   n o   s u b s t a n t i a l ,  
unknown, d e l a y   p e r i o d s   i n v o l v e d   i n  the ion   gauge .   Fur ther  

it is  c l e a r   t h a t   t h e   r e s p o n s e  time of the gauge  depends 
most ly  on the   loca t ion   and   tempera ture  of the   gas   sou rce .  
I n   f a c t ,  the gauge "sees" t h e   g a s   w i t h i n  a. very  few micro- 
s e c o n d s   a f t e r   t h e   g a s   a r r i v e s   i n   t h e   v i c i n i t y  of the   gauge .  

The t o t a l   i o n i z a t i o n   p r o b a b i l i t y  for a gas   a tom  passing 

t h r o u g h   t h e   g r i d  i s  i n   g e n e r a l ,   s u b s t a n t i a l l y  less than  
uni ty ,   Thus ,  much of t h e   i n i t i a l   d i r e c t  beam o f   t h e   g a s  
pulse   f rom  the   desorp t ion   f i l ament   passes   th rough  the   g r id  
and  diffuses   throughout   the  system.  Consequent ly ,   the  mean 
g a s   d e n s i t y   i n   t h e   g a u g e  rises s t e a d i l y   u n t i l   a n   e q u i l i b r i u m  

p r e s s u r e  i s  reached  throughout  the  experimental   volume. 
The t i m e  c o n s t a n t   t o   r e a c h   e q u i l i b r i u m   a f t e r   r e l e a s i n g  a 

s h o r t   g a s   p u l s e   i n   t h e   s y s t e m  i s  given  approximately  by 

where L = mean s igni f icant   d imens ion   of   the   sys tem,  

7 = the mean t empera tu re   o f   t he   gas   ( t aken   t o  be 
the   t empera ture   o f   the   f i l ament   a t   which   mos t  

o f   t h e   g a s  i s  deso rbed ,   i n   t h i s   expe r imen t  

probably  about  90°K) 

For   the   appara tus   o f  this experiment 

z 465 p e c .  
eq 

Although t h i s   c a l c u l a t i o n  i s  r a t h e r   c o a r s e ,  it i n d i c a t e s  

t h a t   t h e  t i m e  of maximum measured  gauge  response (500 psec)  
i s  of   the   p roper   o rder   o f   magni tude .   Thus ,   th i s   long   de lay  
should   no t  be i n t e r p r e t e d   a s  a slow rise i n   o u t p u t   o f   t h e  

gauge   (as   for   an   over -damped  sys tem)   bu t   ra ther   as   an   a lmost  
i n s t a n t a n e o u s   r e s p o n s e   t o  a r e l a t i v e l y   s l o w  rise i n   t h e   a c t u a l  
d e n s i t y   i n   t h e   g a u g e .  

The c a l c u l a t e d  t i m e  r e q u i r e d   f o r   t h e  UHV sys t em  to  pump 
t h e   a p p a r a t u s   b a c k  t o  i t s  i n i t i a l   v a l u e   ( b e f o r e   f l a s h  
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deso rp t ion )  i s  about  22 msec which   does   no t   ag ree   w i th   t he  

measured  value  of 9.5 msec. However, s i n c e  the bottom  of 
t h e   l i q u i d   n i t r o g e n  dewar  was a c t u a l l y   i n  the vacuum space 
of the appa ra tus ,  this su r face   cou ld  cryopump argon  and may 
w e l l  a ccoun t   fo r  the above  discrepancy. 

From the da ta   o f   th i s   exper iment   and  the i n t e r p r e t a t i v e  
a n a l y s i s   p r e s e n t e d ,  it i s  conc luded   t ha t   t he   r e sponse  t i m e  
of   an  ion  gauge i s  a c t u a l l y   o f  the o rde r  of a few  microseconds 
b u t   t h a t   v e r y  much l a r g e r   d e l a y s   i n   r e s p o n s e  may be exper i -  
enced. These delays  depend  only  on the locat ion  and  temper-  
a t u r e  of the gas   source .  



6.0 APPRAISAL O F  GAUGE PERFORMANCE I N  XHV RANGE 

The purpose  of this s e c t i o n   o f  the r e p o r t  i s  t o  summarize 
the   mos t   impor t an t   ope ra t ing   cha rac t e r i s t i c s   o f   t he   gauges  

s t u d i e d ,   p a r t i c u l a r l y   w i t h  reference t o   t h e   p o t e n t i a l   o f   e a c h  
gauge   fo r   deve lopmen t   and   fu tu re   app l i ca t ion   a t   ex t r eme ly  
low p res su res .  

One method  which may be u s e d   a s  a b a s i s   f o r   g a u g e  com- 
p a r i s o n  i s  t o  examine t h e   v a r i a t i o n   o f   g a u g e   s e n s i t i v i t y   w i t h  
p r e s s u r e .  The r e su l t s   o f   t he   p re sen t   s tudy   a r e   summar ized  

i n   F i g u r e  37 which i s  a p l o t   o f   t h e   i o n   c u r r e n t   a s   d e t e r m i n e d  

from the   gauge   measurements   versus   the  number dens i ty   exp res sed  
a s   p r e s s u r e  i n  t o r r   n i t r o g e n .  I t  should be emphas ized   tha t  

t h e   o r d i n a t e   ( g a u g e   c u r r e n t )   i n   F i g u r e  37 h a s   d i f f e r e n t   m e a n i n g s  
for   several   of   the   gauges  considered.   For   the  magnetron  gauges 

t h e   o r d i n a t e   r e p r e s e n t s   t h e   a c t u a l   c a t h o d e   c u r r e n t   a s   m e a s u r e d .  

However, f o r   b o t h  the nude  modulated  gauge  and  the  modulated 

suppres so r   g r id   gauge   t he   o rd ina te  i s  t h e   v a l u e   o f   t h e   i o n  

cu r ren t   ob ta ined   a f t e r   pe r fo rming   t he   expe r imen ta l   and   ca l -  

c u l a t i o n a l   p r o c e d u r e s   a s s o c i a t e d   w i t h  the modulating  and 

the   suppres s ion   t echn iques .   F igu re  3 7  i nc ludes   t he   l ower  

l i m i t  fo r   which   cons is ten t   p ressure   measurements  were ob- 

t a i n e d   i n   t h e   p r e s e n t   s t u d y   f o r   e a c h   o f  the gauges. Also 
i nd ica t ed   a r e   e s t ima tes   o f   p robab le   and   poss ib l e   ex t ens ions  
o f   t he   gauge   pe r fo rmances   t o   l ower   p re s su re   l eve l s .  

The lowest   pressures   measured were 3 x 10 t o r r   b y  -13 

means of   both  the  magnetron  gauges.  The s e n s i t i v i t y   o f  
the  normal  magnetron a t  3 x 10 t o r r  was n e a r l y  twice 
t h a t  of the   inver ted   magnet ron .  However, the   non- l inear  
slope  of  the  normal  magnetron was g r e a t e r   t h a n  the i n v e r t e d  
m a g n e t r o n .   E x t r a p o l a t i o n   o f   t h e   d a t a   s u g g e s t e d   t h a t   a t   t h e  

v a r i o u s   v o l t a g e s   a n d   f i e l d   s t r e n g t h s   u s e d   t o   o b t a i n   t h e   d a t a  
i n   F i g u r e  3 7 ,  t h e   s e n s i t i v i t y  of the   inverted  magnetron  would 

equal   that   of   the   normal   magnetron a t  2 x 10 -I4 t o r r .  Below 

t h i s   p r e s s u r e   t h e   s e n s i t i v i t y   o f   t h e   i n v e r t e d   m a g n e t r o n  

-13  
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should be h ighe r .  
The s e n s i t i v i t i e s   o f   b o t h  the nude  Nottingham  gauge 

and the suppressor   gr id   gauge  are   lower  than  the  magnetron 

gauges,  However, t hese   gauges   a r e   fundamen ta l ly   l i nea r  
s enso r s   and   wou ld   even tua l ly   have   h ighe r   s ens i t i v i t i e s   t han  

non-linear  magnetrons i f   t h e y   c o u l d  be d e s i g n e d   t o   o p e r a t e  

a t   p re s su res   be low  approx ima te ly  1 x 10 t o r r .  The d i f -  
f e r e n c e   i n  the  s e n s i t i v i t i e s  of the nude  gauge  and  the 
suppressor   g r id   gauge  i s  mainly  dependent on the   emis s ion  

cu r ren t s   u sed ,  However, a s  shown i n   t h e   d e t a i l e d   d i s c u s s i o n  
of the   suppres so r   g r id   gauge   (Sec t ion  3 . 2 . 3 )  t h e r e   a p p e a r s  
t o  be ar,  upper l i m i t  t o   t he   emis s ion   wh ich  may be used  with 
the suppressor   g r id   gauge .  More informat ion  i s  r e q u i r e d   t o  

determine the n a t u r e   o f   t h e   o s c i l l a t i o n s   f o u n d   a t   h i g h  emis- 
s i o n s  in the  suppressor  grid  gauge  and  developing  methods 
of e l i m i n a t i n g   t h e s e   o s c i l l a t i o n s  [ E J ]  

-13 

From the da ta   ob ta ined  it. i s  o b v i o u s   t h a t   t h e   g r e a t e s t  
advantages  would be o b t a i n e d   i f   t h e   n o n - l i n e a r i t y   o f   t h e  
normal  magnetron  could be e l i m i n a t e d .   T h e o r e t i c a l l y   t h e r e  

does   no t   appea r   t o  be any  reason why t h e   l i n e a r   r e g i o n  

sh.ouId be r e s t r i c t e d   t o   p r e s s u r e s   a b o v e  2 x 1 0  -lo t o r r .  

O t h e r   i m p o r t a n t   a s p e c t s   t o  be c o n s i d e r e d   i n   t h e   u s e  

of these  gauges i n  XHV a r e  summarized  below. 

Normal Magnetron Gauge 

The normal  magnetron  has the h i g h e s t   s e n s i t i v i t y  among 
the   gauges   s tud ied .  It i s  l i n e a r  down t o  2 x 1 0  -lo t o r r  and 

non- l inea r   be low  th i s   p re s su re ,  I t  i s  eas i ly   c l eaned   and  

becacse it d i s s i p a t e s   n e g l i g i b l e  power, it o p e r a t e s   a t  
normal   temperature   with  normal   degassing  ra tes .   Since it 
opera tes   a t   normal   t empera ture ,   chemica l   reac t ions   occur  
a t   r e l a t i v e l y  low ra tes   and   contaminat ion  i s  t h e r e f o r e  a less 
ser ious   p roblem  than   in   ho t   gauges .  I t s  c o n s t r u c t i o n  i s  

r e l a t i v e l y   s i m p l e   a n d   r e l a t i v e l y   r u g g e d ,  It is  the  most  

r e l i a b l e   o f   t h e   g a u g e s   s t u d i e d   a t   v e r y  low p r e s s u r e s ,  It  
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doesB   howeverp   t end   t o  be n o i s y   a t   v e r y  low p res su res .  It 

r e q u i r e s  a r e l a t i v e l y   h i g h   v o l t a g e   a n d  a magnet  which i s  
sometimes  an  inconvenience.  There i s  a l s o  a s u b s t a n t i a l  
d e l a y   i n   s t a r t i n g   a t   v e r y  low p res su res .  

Inverted  Magnetron Gauge 

The inverted  magnetron  gauge i s  non-l inear  over i t s  
e n t i r e   p r e s s u r e   r a n g e   a n d   h a s   a n   i n t e r m e d i a t e   s e n s i t i v i t y .  
Its cons t ruc t ion ,   ope ra t ion ,   and   pe r fo rmance   a r e   o the rwise  
s imi la r   to   the   normal   magnet ron ,  However, f o r  optimum 
performance it r e q u i r e s  a higher   anode  vol tage  and  magnet ic  
f i e ld   s t r eng th   t han   t he   no rma l   magne t ron ,  

Modulated  Nottingham Gauge (Nude) 

The modulated  Nottingham  gauge i s  l i n e a r   t o   p r e s s u r e s  
s l i g h t l y   l o w e r   t h a n   1 0  t o r r ,  It r e q u i r e s  no  magnets  or 
h igh   vo l t age .  I t s  s e n s i t i v i t y  i s  r a t h e r  low and   cons t ruc t ion  
i s  compl ica ted   and   ra ther   f rag i le .   Vigorous ,   p ro longed ,   and  
repea ted   degass ing  i s  r e q u i r e d   f o r   p r o p e r   o p e r a t i o n   i n  the 

UHV range  and the gauge i s  very   eas i ly   contaminated .  The 
g a u g e   d i s s i p a t e s  15 t o  2 0  wa t t s   and   t he re fo re   ope ra t e s   w i th  
some p a r t s   r a t h e r   h o t   w h i c h   l e a d s   t o   h i g h   d e g a s s i n g   r a t e s  
i f  contaminated. The hot   f i l ament   p roduces   chemica l   reac t ions  
which l e a d   t o   s p u r i o u s   r e s u l t s .   P h y s i c a l   r e a c t i o n s   o c c u r  
a t  the e l e c t r o n  bombarded g r id   wh ich   l ead   t o   anomalous  
i n d i c a t e d   p r e s s u r e s .  The modulat ion  technique  requires   ad-  
d i t i ona l   ope ra t ions   and   even tua l ly   (be low 1 0  t o r r )  becomes 
non- l inea r ,   r equ i r ing  the in t roduc t ion   o f  a second  modulation 
coef f ic ien t   which   mus t  be measured  experi.mentally a t   v e r y   l o w  
p r e s s u r e s  (of t he   o rde r  of 10  -I5 t o r r )  e 

-11 

-12 

Modulated  Suppressor G r i d  Gauge 

The modulated  suppressor  grid  gauge i s  s i m i l a r   t o  the 
modulated  Nottingham  gauge i n  i t s  c h a r a c t e r i s t i c s   a n d   p e r -  
formance  but i t s  c o n s t r u c t i o n  i s  more complex  and  requires 
a h i g h e r   d e g r e e   o f   p r e c i s i o n   i n  the l o c a t i o n   o f  the elements.  
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The  power  supply is more  complicated  since  moderately  high 
voltages  may be required  for  complete  suppression.  While 
its limit of detectability  for  pressure is lower  than  other 
hot  cathode  gauges,  the  output  current  is  very  small at 
very  low  pressures  and  must be processed  with  extreme  care. 
The  residual  current is negative  which  introduces  recording 
difficulties  with  some  commercial  electrometers. 
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7-0 PROBLEMS ASSOCIATED WITH PRESSURE  MEASUREMENT 
I N  THE EXTREME HIGH VACUUM RANGE 

I n   t h e   e x p e r i m e n t a l  work  under the present   program it 
has  become v e r y   c l e a r   t h a t   o n e  of the major  problems. 
e n c o u n t e r e d   i n   r e l i a b l e   p r e s s u r e   m e a s u r e m e n t s   i n   t h e  XHV 

range i s  a s s o c i a t e d  w i t h  making r e l i a b l e   v e r y   s m a l l   c u r -  
rent   measurements .  Even though  the  National  Research 
Corporat ion  Applied  Physics   Laboratory i s  equipped t o  

measure   cur ren ts  of t h e   o r d e r  of 10 amp, the a c t u a l  
measurement ,   under   pract ical   condi t ions,  of c u r r e n t s  much 
below LO -I3 amp i s  e x t r e m e l y   d i f f i c u l t   i f   r e a s o n a b l e  re- 
l i a b i l i t y  i s  d e s i r e d .  

-17 

Mate r i a l s   o rd ina r i ly   u sed   fo r   gauge   l ead   pas s th roughs  
a n d   c i r c u i t   i n s u l a t o r s  may have   leakage   cur ren ts   o f  the 

order   o f  LO amp. A f t e r  c a re fu l   c l ean ing ,   l eakage   cu r -  
r e n t s  may be o f   t he   o rde r   o f  1 0  t o  1 0  -I5 amp I f  t h e  
i n s u l a t o r  i s  e l e c t r i c a l l y   g u a r d e d ,   t h a t   i s ,   i f  i t s  low 
p o t e n t i a l   e n d  i s  d r i v e n   a t  a p o t e n t i a l   n e a r l y   e q u a l   t o  the 

h igh   po ten t i a l   end ,   l eakage   cu r ren t s  may d r o p   t o  10  t o  

looL7  amp, 

-10 

-16 

However, i f  the p o t e n t i a l  i s  changed on e i ther  end  of 
a n   i n s u l a t o r  a d i e l e c t r i c   p o l a r i z a t i o n   o r   d e p o l a r i z a t i o n  
c u r r e n t  may a r i s e   w h i c h  may be many o r d e r s  of magnitude 
h ighe r   t han   t he   above   cu r ren t .   Thus ,   i f   gua rd ing  i s  t o  be 
e f f e c t i v e   t h e   p o t e n t i a l s   m u s t  be c o n t r o l l e d   w i t h   p r e c i s i o n .  

Many m a t e r i a l s  w h i c h  h a v e   h i g h   r e s i s t i v i t y   a r e   v e r y  
suscept ib le   to   sur face   contaminat ion   and   consequent   sur face  
l eakage   cu r ren t s .   A l so  some m a t e r i a l s  which have  high 
r e s i s t i v i t y   a n d   a r e   n o t   o v e r l y   s e n s i t i v e   t o   s u r f a c e  con- 
t amina t ion   have   h igh   po la r i zab i l i t i e s .   Thus ,  it i s  some- 
times necessary  t o  u s e  a combinat ion  of   mater ia ls  t o  
achieve   adequate ly  l o w  l eakage   cu r ren t . s   i n   ve ry   sma l l  
current   measurements .  
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I n  the present   program a h e l i u m   g a s   r e f r i g e r a t o r   h a s  
been   used   to   reduce  the temperature  of the   exper imenta l  

chamber t o  LOOK. The expansion  engines  on t h e   r e f r i g e r a t o r  

produce   cons iderable   amounts   o f 'v ibra t ion  - g e n e r a l l y   a t  
about  5 c/s. T h e s e   v i b r a t i o n s   a r e   t r a n s m i t t e d   t o   g a u g e  

elements   and  conductors   and  induce  microphonics ,   Effor ts  
have been made t o   r e d u c e   t h e  amount of v i b r a t i o n   t r a n s -  
m i t t e d   b y   u s e   o f   f l e x i b l e   j o i n k s   a n d   a n t i - v i b r a t i o n   p a d s .  

However, t h e s e  were o n l y   p a r t i a l l y   s u c c e s s f u l .   M e c h a n i c a l  
f o r e l i n e  pumps may a l s o   c o n t r i b u t e   t o   s e r i o u s   m i c r o p h o n i c  

e f f e c t s  
The  power suppl ies   which   apply  the ope ra t ing   vo l t ages  

t o  t h e   g a u g e   e l e c t r o d e s   a r e   u s u a l l y   n o t   u l t r a s t a b l e   a n d   n o i s e -  
f ree ,  The v a r i a t i o n s  i n  t hese   supp ly   vo l t ages   a r e   coup led  
t o   t h e  ion c o l l e c t o r   t h r o u g h   i n t e r e l e c t r o d e   c a p a c i t a n c e ,  
which even though  small ,   can  induce  dynamic  currents   in   the 

co l l ec to r   c i r cu i t   o f   subs t an t i a l   magn i tude ,   These   dynamic  

v a r i a t i o n s   i n   t h e   i o n   c u r r e n t   m e a s u r i n g  c i rcu . i t  induce 
po la r i za t ion   cu r ren t s   be tween   g round   and  the c o l l e c t o r  
c i r c u i t   r e s u l t i n g  from p o l a r i z a t i o n  of t h e   c i r c u i t   i n s u l a t o r s .  
If t h e   n o i s e   p u l s e   i n  the power supply i s  l a r g e   o r   l o n g ,   t h e  

i n d u c e d   p o l a r i z a t i o n   c u r r e n t s   i n   t h e   d i e l e c t r i c   m a t e r i a l s  

s u p p o r t i n g   t h e   c i r c u i t  may be l a r g e   a n d   r e q u i r e  a consider-  

a b l e   p e r i o d   t o   d e c a y   t o  a n e g l i g i b l e   l e v d .   L i n e   v o l t a g e  

v a r i a t i o n s   p r o d u c e   t r a n s i e n t s   i n  t h e  electrometer   which 

momentar i ly   upse t   the   po ten t ia l   d rop  ac.ross t h e   e l e c t r o m e t e r  
i n p u t   a n d   t h u s   o n   t h e   c o l l e c t o r  c i r c u i t ,  These a l s o   i n d u c e  

d i e l e c t r i c   p o l a r i z a t i o n   c u r r e n . t s ,   w h i c h   a g a i n  may be r e l a t -  

i v e l y   l a r g e   a n d   r e q u i r e  a cons ide rab le  time t o  decay t o  a 
n e g l i g i b l e   l e v e l .  These problems  can be so.lved  by  using 

a s e p a r a t e   u l t r a s t a b l e  power s u p p l y   f o r   e a c h   c i r c u i t   i n  the 

gau.ge  and i so l a t ing   each   supp ly  from the l i n e   s e p a r a t e l y  
s u c h   t h a t   l i n e   n o i s e  i s  c o m p l e t e l y   f i l t e r e d ,  



Noise i n  the gauge i t s e l f  i s  f r e q u e n t l y  a s e r i o u s  

problem a t   v e r y  l o w  p r e s s u r e s .   I f  the n o i s e   s p i k e s   a r e  
l a r g e   t h e y   i n d u c e   l a r g e   c h a n g e s   i n   p o t e n t i a l   a c r o s s   t h e  
i n p u t  t o  the electrometer which,  because of t h e   r e l a t i v e l y  
long  t i m e  cons t an t  of t h e   e l e c t r o m e t e r ,   r e q u i r e s  a r e l a t -  
i v e l y   l a r g e   p e r i o d  t o  decay t o  a n e g l i g i b l e   l e v e l .  The 
i n t r i n s i c   n o i s e   a l s o   i n d u c e s  dielectr ic  po la r i za t ion   cu r -  
r e n t s   i n  the c o l l e c t o r   c i r c u i t .  It i s  t h u s   h i g h l y   d e s i r a b l e  
t o   s h i e l d   t h e   i o n   c o l l e c t o r  from the   gauge   no ise .   In  some 
cases  this r e q u i r e s   t h e   i n t r o d u c t i o n   o f   a d d i t i o n a i  
a u x i l i a r y   e l e c t r o d e s .  

Each o f  these sources   o f   no i se   o r   spu r ious   s igna l  may 

be e l imina ted   under   very   spec ia l   l abora tory   condi t ions  w i t h  
h i g h l y   s p e c i a l i z e d   a p p a r a t u s .  However, it i s  u s u a l l y  
n e c e s s a r y   t o  make ve ry  low pressure  measurements  under less  
i d e a l   c o n d i t i o n s .   I n   o r d e r   t o   d e v e l o p   p r a c t i c a l   m e t h o d s  
of   measuring  very  low  pressures ,   advances  are   required i n  
two b a s i c   a r e a s .   F i r s t l y ,   g a u g e s   w i t h   i n c r e a s e d   s e n s i t i v i t y  
( amps / to r . r )   and   l a rge r   s igna l   t o   no i se   r a t io s   a r e   r equ i r ed .  
Fundamental  changes i n  gauge  design may be n e c e s s a r y   i n   o r d e r  
t o  a c h i e v e   t h e   s e n s i t i v i t y   r e q u i r e d   f o r   m e a s u r i n g   v e r y  low 
p r e s s u r e s .  The t echn iques   u sed   i n  a gauge  designed  to  
o p e r a t e   a t   t o r r  may indeed be completely  inadequate  
for  measurements  of 1 0  -15 t o r r ,   a n d   y e t  the tendency  has 
b e e n   t o   t r y   a n d   p u s h  the usefu lness   o f   h igh   pressure   gaugas  
t o  lower  and  lower  values  without  fundamental   changes  in 
des ign .   Secondly ,   advances   a re   requi red   in   the   t echniques  
of   measur ing   exceedingly   smal l   cur ren ts .   Major   d i f f icu l t ies  
p r e s e n t l y   r e s u l t  from  such e f f e c t s   a s  d ie lec t r ic  p o l a r i z a t i o n ,  
i n s t a b i l i t i e s   a n d   n o i s e   i n  power supp l i e s ,   c apac i t ance  
effects   between  gauge  e lements ,   microphonics ,   and  leakage 
cu r ren t s   caused   by   i nadequa te   i n su la t ing   ma te r i a l s .  
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A t  t h e   p r e s e n t  t i m e  there a p p e a r   t o  be ve ry  good 
p r o s p e c t s   f o r   e l i m i n a t i n g  many of these d i f f i c u l t i e s .  
Vas t ly   supe r io r   sys t ems   i nco rpora t ing   bo th  the gauge, 

i t s  power supp l i e s ,   l eads   and   cu r ren t   measu r ing   appa r -  
a t u s   s h o u l d   t h e n  be p o s s i b l e .  
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